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EDITOR'S  PREFACE. 


This  collection  is  far  from  covering  all  the  work  done  by 
Dr.  SiBSON  in  Medicine  and  Physiology.  The  twenty-six 
papers  included  are,  however,  completely  representative. 
The  inclusion  of  papers  has  been  determined  by  their  indi- 
vidual completeness  and  by  the  presence  of  distinctly 
original  matter.  They  are  arranged  broadly  in  two  groups, 
the  first  comprehending  papers  relating  to  the  physiology 
of  respiration  and  to  the  natural  history  and  diagnosis  of 
diseases  of  the  lungs  and  heart ;  the  second  papers  relating 
to  the  physiological  action  and  therapeutic  use  of  certain 
narcotic  poisons. 

Within  the  groups  the  papers  are  arranged  mainly 
in  chronological  order,  with  the  intent  of  showing  the 
progress  of  the  Author's  thoughts  and  the  development  of 
his  studies. 

Paper  XXV.  belongs  to  neither  group,  but  indicates  well 
the  acuteness  of  clinical  observation  by  which  SiBSON 
was  distinguished  in  others  besides  his  favourite  path  of 
study. 
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Paper  XXVI.  might  belong  to  either,  and  is  accordingly 
not  put  with  either.  It  has  one  aspect  of  clinical  investi- 
gation, another  of  therapeutics,  and  its  avowed  object  being 
rather  the  illustration  of  treatment  than  the  teaching  of 
diagnosis,  it  has  been  placed  last,  in  greater  nearness 
therefore  to  the  therapeutic  group. 

Several  papers  overlap  others  in  both  groups.  As  a 
matter  of  economy  for  both  reader  and  printer  it  might 
have  been  attempted  to  excise  from  one  or  other  the 
corresponding  portions.  The  attempt  has  not,  however, 
been  made,  lest,  inadvertently,  chains  of  thought  might 
have  been  broken.  Readers  who  may  find  a  little  weariness 
in  some  of  the  recapitulations  will  perhaps  pardon  the 
Editor,  whose  reverence  has  forbidden  him  to  blot  out 
any  word  of  the  Author's  writing. 

The  illustrations  are  partly  printed  from  the  original 
blocks.  Where  the  blocks  were  not  forthcoming  they 
have  been  reproduced  at  great  trouble  and  expense.  The 
illustrations  of  the  structure  of  the  heart  were  drawn  and 
engraved  for  Dr.  SiBSON  by  Mr.  Harvey  Orrinsmith, 
who  has  also  re-engraved  the  figures  of  the  first  and 
some  other  papers.  The  steel  plates  belonging  to  Papers 
II.  and  III.  having  been  lost  at  the  Royal  Society,  have 
been  reproduced  by  photographic  process.  Messrs.  GOUPIL 
may  be  congratulated  on  having  provided  us  with  copies 
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of  the  originals  so  exact  in  every  detail  as  to  render 
it  impossible  to  distinguish  between  the  plates  and  their 
imitations.  Some  of  the  figures  of  less  importance 
have  been  successfully  treated  by  the  Typographic 
Etching  Company. 

W.  M.  O. 
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A  SHORT  ACCOUNT 


OF  THE 

LIFE  AND  WRITINGS  OF  DR.  SIBSON. 

Francis  Sibson  was  born  at  Cross  Canonby,  near 
Maryport,  in  Cumberland.  His  father,  a  man  of 
great  learning  and  eccentric  character,  was  educated 
for  the  Church,  but,  from  conscientious  motives,  did 
not  take  holy  orders.  Having  lost  his  fortune,  he 
removed  in  1819  with  his  family  to  Edinburgh.  An 
extract  from  the  baptismal  register  in  St.  Peter's 
Episcopal  Church  shows  that  he  caused  his  children, 
five  in  number,  to  be  baptized  on  one  day,  shortly 
after  his  change  of  residence.  The  record  gives 
their  names  and  ages  as  follows  : — 

John,  son  of  Francis  Sibson  and  Jane  his  wife,  bom 

September  21st,  i8ro 
Joseph,  born  28th  February,  1812. 
Francis,  born  21st  May,  1814. 
Thomas,  born  3rd  May,  181 7. 
Samukl,  born  29th  May,  1819. 
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The  date  thus  indicated  for  Francis  Sibson's  birth  is 
not,  at  first  sight,  easily  reconciled  with  the  date  of  his 
diploma  from  the  Royal  College  of  Surgeons  of  Edin- 
burgh,— December  21st,  1831, — inasmuch  as  he  would 
have  been  only  a  few  months  above  seventeen  years  of 
age  when  the  diploma  was  conferred.  But  it  appears, 
from  information  courteously  furnished  by  Dr.  Joseph 
Bell,  Treasurer  of  the  Royal  College  of  Surgeons  of 
Edinburgh,  that  candidates  under  the  age  of  twenty- 
one  were  in  1831  permitted  to  receive  the  licence, 
and  that  Sibson's  age  is  registered  (without  date  of 
birth)  as  eighteen  years. 

Of  the  earlier  years  of  his  life  little  is  known,  save 
that  he  received  his  school  education  in  Edinburgh  ; 
that  he  lost  his  mother  and  three  of  his  brothers 
early  ;  that  he  was  devotedly  attached  to  his  brother 
Thomas,  an  artist  of  considerable  talent,  and  a 
favourite  pupil  of  Kaulbach,  of  Munich  ;  and  that 
from  an  early  period  he  was  called  upon  to  help  in 
supporting  his  father  and  brother. 

In  1828,  when,  according  to  the  date  referred  to, 
he  must  have  been  fourteen  years  of  age,  he  was 
apprenticed  to  that  distinguished  anatomist,  Professor 
John  Lizars,  and  three  years  later  he  received  his 
diploma.  The  years  1831  and  1832  saw  the  first  out- 
break of  cholera  in  this  country.  Sibson,  with  the 
courage  and  thirst  for  investigation  which  marked 
his  whole  life,  at  once  volunteered  to  serve  in  the 
cholera  hospitals.      He   was  thus  employed  first  at 
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Leith   and    Newhaven,    afterwards    in  Edinburgh. 
Contemporary   letters  speak   in  warm  terms  of  his 
attention  and  thoroughness  in  the  treatment  of  the 
victims  of  this  terrible  epidemic,  doubly  terrible  then 
by  reason  of  its  novelty  and  strangeness.    After  this, 
Sibson  appears  to  have  entertained,  for  a  short  time 
at  least,  the  idea  of  entering  upon  general  practice. 
Professor  Lizars,  writing  in  September,   1833,  con- 
gratulates him  on   having  joined  Dr.    Allonby,  of 
Cockermouth,  and  cheers  him  on  thus  :     Only  do  you 
keep  sober  and  attentive,  and  you  will  soon  be  the 
first  man  in  Cockermouth  ;  and  if  you  find  that  it  does 
not  satisfy  you,  you  can  in  a  few  years  hence  remove 
to  Carlisle."    Apparently  the  prospect  did  not  satisfy 
him,  for  soon  after  he  proceeded  to  London,  and 
entered  on  further  studies  at  Guy's  Hospital,  where 
he  resided  for  some  months,  having  duties  in  con- 
nection with  the  Pathological  department.    Here  he 
earned    the   warm   admiration   and    regard  of  Dr. 
Hodgkin,  who  from  that  time  onward  "never  ceased 
to  encourage  him  in  all  his  labours,  and  to  aid  him  in 
every  way  that  could  lead  to  success."  ^ 

In  1835  he  obtained  the  appointment  of  Resident 
Surgeon  and  Apothecary  to  the  Nottingham  General 
Hospital.  During  thirteen  years  he  continued  to 
hold  this  office  ;  years  of  steady  work  for  him  in  both 
practice  and  science.    The  wide  and  varied  experience 

'  See  Sir  James  Paget's  obituary  notice  of  Dr.  Sibson  in  his 
Presidential  Address  delivered  before  the  Roya/  Mrdico-Chiruroical 
Society,  t877,  p.  ,4. 
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afforded  by  the   double  duties   of  this  office  gave 
him  a  broad  foundation  for  the  observations  of  his 
later  years,  and  no  doubt  helped  to  develope  the 
sagacious  insight  into  disease  which  made  him  so 
valuable  in  consultation.    Far,  however,  from  being 
content  with  the  acquisition  of  such  knowledge  as 
could  be  gained  in  the  ordinary  discharge  of  duty, 
Sibson  threw  himself  with  ardour  into  the  path  of 
independent  observation  and  research.  The  studies  of 
his  life  began  here.    The  subject  of  his  first  paper, 
''A  Flexible  Stethoscope,"  published  in  the  Medical 
Gazette  for  1840,  indicates  the  particular  direction 
of  his    thoughts  —  the    diagnosis    of  chest-disease. 
And  not  a  little  does  it  illustrate  his  readiness  to 
avail  himself  of  all  instruments  by  the  aid  of  which 
his  research    might  be    deeper,  or  his  estimations 
more  accurate. 

In  1844  he  produced  his  first  important  paper — 
"  On  Changes  induced  in  the  Situation  and  Structure 
of  the  Internal  Organs  under  varying  circumstances 
of  Health  and  Disease."  This  paper  at  once  brought 
him  a  high  reputation,  and  was  followed  in  two  years 
by  a  laborious  essay  on  "  The  Mechanism  of  Respira- 
tion," published  in  the  Philosophical  Transactions.  In 
both  of  these  minuteness  of  observation,  mechanical 
skill,  and  artistic  accuracy  are  conspicuous  ;  in  both 
the  influence  and  active  guidance  of  his  early  friend, 
Dr.  Hodgkin,  are  to  be  plainly  seen,  as  indeed 
they    are    gratefully   acknowledged  by  the  author. 
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During  the  next  few  years  a  rapid   succession  of 
papers  on  cognate  subjects  were  contributed  by  him 
to  various  journals.    Each  and  all  of  them  contained 
new  matter  of  mucl^  importance,  but  he  was  careful 
in   each  to  set    before  his   reader  the  knowledge 
already  acquired  in  the  subject  under  consideration  ; 
so  that  they  collectively  embody,  in  addition  to  the 
new  facts,  the  results  of  his  early  work,  sometimes 
indeed   a  little  painfully  recapitulated.     He  seems 
to  have  been  impelled  to  use  the  same  unsparing 
care  in  putting  the  basis  of  his  observations  before 
his  readers — care  that  they  should  not  lose  a  line 
that  might  be  necessary  to  a  comprehension  of  the 
ultimate  teaching — as  he  bestowed  on  his  investiga- 
tions in  the  wards  and  the  dead-house.   These  studies, 
however,  did  not  suffice  to  command  his  undivided 
attention.    Towards  the  end  of  his  sojourn  in  Not- 
tingham appeared  papers  by  him  on  "  The  Fever  of 
Nottingham"  (1847),  on  the  treatment  of  neuralgia 
by  inhalation  of  ether  and  chloroform  (1847  and  1848), 
and  on  the  action  of  narcotic  poisons  (1848).  These 
papers  doubtless  had  their  origin  in  his  local  surround- 
ings.     The  interest  which  he  then  and  afterwards 
took  in  the  action  of  narcotics  was  probably  quickened 
by  his  association  with  Charles  Waterton,  the  naturalist 
of  the   Wanderings.     That   remarkable   man  then 
lived  at  Walton  Hall,  a  long  drive  from  Notting- 
ham.   Sibson's  acquaintance  with  him  soon  ripened 
to  an  intimate  friendship.    The  wourali  poison  had 
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been  recently  brought  to  England  by  Waterton,  and 
the  two  friends  spent  much  time  in  making  experi- 
ments with  it.  Some  of  the  most  important  of 
Sibson's  determinations  regarding  the  action  of  the 
heart  in  animals  were  made  with  the  aid  of  this  sub- 
stance. It  was  expected  by  Waterton  that  wourali 
would  prove  to  be  a  cure  for  hydrophobia.  He  and 
Sibson  carried  on  a  long  correspondence  on  the  subject ; 
and  were  always  on  the  look-out  for  a  case  in  which 
the  remedy  might  be  applied.  But  it  appears  from  the 
correspondence  that  they  never  met  with  the  chance, 
although  Waterton  more  than  once  drove  over  to 
Nottingham  with  the  hope  of  making  the  experiment, 
which  he  always  insisted  on  doing  in  person. 

It  was  by  the  advice  of  friends  that  Sibson  made 
the  resolution  of  quitting  Nottingham  for  London.  In 
relation  to  this  important  step  his  friend  Mr.  White, 
of  Nottingham,  writes  :  "  We  often  discussed,  and  I  as 
often  advised  his  removal  from  Nottingham  to  London, 
where  he  would  have  a  wider  range  for  the  deve- 
lopment of  his  special  talents.  This  he  ultimately 
determined  to  do,  but  not  as  a  surgeon.  He  had 
resolved  to  take  his  degree  and  practise  as  a  physician, 
but  there  was  one  great  obstacle — his  salary  had  never 
been  large,  and  his  accumulation  of  capital  was  exceed- 
ingly limited.  He  could  not  possibly  pass  his  exami- 
nations in  less  than  six  months,  and  it  might  take 
nearer  twelve  months  to  acquire  the  indispensable 
qualifications.     He  had  told  his  fears  and  anxieties 
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to  a  sympathetic  friend,  who  gave  him  the  best 
possible  proofs,  more  tangible  than  mere  assurance, 
that  during  the  period  of  study  whatever  he  needed 
beyond  his  own  resources  would  be  provided.  And 
so  he  came  to  London."  .  .  .  .  "  No  sooner 
did  it  become  , bruited  about  in  Nottingham  that 
Sibson  was  likely  to  leave  than  very  earnest 
endeavours  were  made  to  retain  him.  The  loss  to 
the  town  was  felt  to  be  so  great  that  one  of 
the  most  highly  esteemed  professional  men  in  the 
place  made  up  his  mind  to  retire  from  his  practice, 
and  offered  to  hand  it  over  to  Sibson  free — absolutely 
free — so  soon  as  he  had  taken  his  degree,  if  he  would 
only  remain  in  Nottingham.  It  was  an  offer  made 
in  all  sincerity,  and  in  all  sincerity  refused.  He  had 
chosen  London  as  the  theatre  of  his  practice,  and  to 
London  he  would  go.  On  leaving  the  town  a  hand- 
some testimonial  was  presented  to  him,  but  who 
the  donors  were  was  always  kept  a  profound  secret. 
The  amount,  however,  was  such  as  to  render  his  early 
residence  in  London  pretty  free  from  anxiety."  Within 
the  year — before  1848  was  passed — he  graduated  suc- 
cessively as  Bachelor  and  Doctor  of  Medicine  at  the 
University  of  London.  The  examination  for  the  M.B. 
was  held  between  the  6th  and  23rd  of  November. 
Sibson  was  placed  in  the  first  division  at  the  pass, 
and  subsequendy  took  honours  in  medicine.  In  the 
list  of  honours  in  medicine  for  that  year  the  name  of 
Habershon  stands  first,  that  of  Wilks  fourth,  that  of 
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Sibson  fifth,  and  that  of  Savory  sixth.  Within  a  week 
from  the  termination  of  the  M.B.  examination  he 
proceeded  to  the  M.D.  He  again  passed  in  the  first 
division,  and  received  the  gold  medal  for  his  com- 
mentary. In  the  pass  list  appear  with  his  the  names  of 
Barnes,  Brinton,  and  Tyler  Smith.  "  Very  few  men," 
says  a  writer  in  the  British  Medical  Journal,  "  would 
be  equal  to  the  great  feat  of  grasping  the  great  range 
of  subjects  involved  in  passing  the  whole  series  of 
examinations  required  for  the  degrees  of  the  University 
of  London  in  the  same  year ;  and  to  have  done  so 
while  in  practice,  with  such  distinction,  competing 
against  the  pick  of  the  best  men  working  in  the  regular 
course  in  the  London  Schools,  affords  an  indication  of 
his  remarkable  industry  and  intellectual  power."  In 
the  next  year,  1849,  he  became  a  member  of  the  Royal 
College  of  Physicians  ;  and  having,  in  addition  to  the 
paper  on  "  The  Mechanism  of  Respiration  "  already 
mentioned,  contributed  a  description  of  the  "  Blow- 
hole of  the  Porpoise "  to  the  Philosophical  Transac- 
tions, he  was  elected  Fellow  of  the  Royal  Society. 
Being  now  settled  down  in  practice  in  Brook  Street, 
he  gave,  at  his  house,  during  the  winter  session  of  this 
year,  a  series  of  demonstrations  in  visceral  anatomy 
before  a  select  professional  assembly.  As  the  de- 
monstrations proceeded,  the  number  of  his  audience 
steadily  increased,  and  at  last  became  too  large  for  the 
space  available.  It  was  now  felt  that  he  had  made  his 
mark  in  London,  as  he  had  already  in  Nottingham, 
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and  when,  in  1851,  St.  Mary's  Hospital  was  opened  he 
was  appointed  one  of  the  physicians,  in  company  with 
Dr.  Alderson  and  Dr.  T.  K.  Chambers.  At  about 
the  same  time  he  became  Lecturer  on  Medicine  in 
the  Grosvenor  Place  School  of  Medicine  adjoining 
St.  George's  Hospital.  The  organization  of  the  new 
hospital  afforded  him  an  occupation,  to  which  he 
did  not  fail  to  devote  much  time  and  pains.  When, 
some  years  later,  a  Medical  School  was  established  in 
connection  with  it,  he  took  a  part  of  the  Chair  of 
Medicine. 

Meanwhile  he  was  intently  engaged  in  planning 
and  in  arranging  the  materials  for  his  great  work 
on  Medical  Anatomy.  To  this  every  leisure  moment 
was  devoted.  The  plates  were  worked  up  under  his 
constant  supervision  by  skilful  artists.  The  drawings, 
some  200  in  number,  were  made  with  every  care  to 
ensure  the  most  complete  transcription  of  the  appear- 
ances presented  by  the  cases  selected  for  illustration, 
many  of  which  were  cases  in  St.  Mary's  Hospital. 
Year  after  year  the  patient  and  laborious  accumula- 
tion proceeded,  till  eighteen  years  had  passed.  It  was 
not  till  1869  that  the  work  now  initiated  was  to  be 
finally  published. 

He  was  elected  a  Fellow  of  the  Royal  College  of 
Physicians  in  1853,  in  the  following  year  gave 
the  Gulstonian  Lectures.  From  this  point  onwards 
we  find  him  filling  a  great  part  in  the  medical  life 
ot  London,  in  relations  so  various  and  so  important, 
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in  lines  so  individually  distinct,  that  a  chronological 
record  of  his  doings  for  each  successive  year  would 
give  only  a  confused  idea  of  what  he  was  about. 
His  studies  went  on  unceasingly  at  home  and  in  the 
hospital,  in  moments  snatched  from  the  busy  day,  in 
hours  yielded  from  what  should  have  been  given  to 
the  night's  rest  ;  while,  outside,  in  the  world,  he  was  in 
active  practice,  and  making  his  energy  and  strength  felt 
in  public  life.  There  were  few  departments  of  medical 
or  scientific  life  in  which  his  voice  was  not  heard. 
His  work  in  the  Royal  Society,  in  the  University  of 
London,  in  the  College  of  Physicians,  in  the  British 
Medical  Association,  in  the  various  medical  societies, 
and  elsewhere,  will  be  most  suitably  considered  in 
succession  later  on.  In  1858  he  married  Sarah  Mary, 
younger  daughter  of  Peter  Aimt'i  Ouvry,  Esq.,  of  East 
Acton.  With  her  he  lived  in  unbroken  happiness  till 
his  death.  By  her  loving  hand  the  volumes  to  which 
these  lines  form  an  introduction  have  been  brought 
together.  Lastly,  to  use  her  simple  words,  "  in 
August,  1876,  he  left  England  for  a  month's  rest,  and 
on  his  way  home,  at  Geneva,  on  the  7th  of  September, 
the  day  before  he  intended  reaching  England,  his 
life  ended.  Being  apparently  as  well  as  usual,  he 
suddenly  fell  down  insensible  and  never  spoke  again. 
He  was  brought  to  England,  and  rests  in  Acton 
Churchyard." 

Of  all  the  objects  of  Sibson's  work,  his  hospital  was 
probably  nearest  to  his  heart.    We  have  seen  that  he 
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became  Physician  to  St.  Mary's  in  1851.  There  for 
twenty  years — the  allotted  tenure  of  the  ofifice — he 
went  on  incessantly  observing,  incessantly  recording,  at 
all  times  patient  and  profuse  in  clinical  teaching,  stamp- 
ing the  pupil  mind  with  the  double  die  of  enthusiasm 
and  accuracy,  respectful,  as  an  artist  must  be,  towards 
every  line  of  detail  which  went  to  make  the  picture 
of  any  morbid  state.  He  drew  freely  upon  the 
material  collected  at  St.  Mary's  for  his  article  on 
Pericarditis  in  Reynolds's  Syste^n  of  Medicine,  and 
for  his  Presidential  Address  read  before  the  British 
Medical  Association  in  1870.  When,  at  the  end 
of  his  twenty  years,  he  retired  with  the  rank  of 
Consulting  Physician  he  was  presented  with  a 
testimonial  of  esteem  by  old  and  present  pupils. 

In  the  Royal  Society  he  was  not  idle.  He  served 
on  the  Council  in  1872-4,  and  was  for  some  years 
Joint  Treasurer  of  the  Royal  Society  Club  in  associa- 
tion with  his  friend,  Captain  Douglas  Galton.  The 
duties  of  this  office  were  singularly  congenial  to  him. 
His  warm  and  sympathetic  nature  is  said  to  have 
infused  much  vigour  and  cheerfulness  into  the 
meetings  of  this  distinguished  club. 

At  the  Royal  College  of  Physicians,  besides  deliver- 
ing in  due  succession  the  Gulstonian,  Croonian,  and 
Lumleian  lectures,  he  acted  as  Examiner  in  Medicine, 
as  Secretary  to  the  Committee  on  the  Classification 
of  Diseases,  and  as  Editor  of  The  Nomenclature  of 
Diseases.    The  great  labours  devolving  on  him  in  the 
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last  capacity,  and  the  importance  of  the  share  taken  by 
him  both  in  originating  and  in  bringing  the  work  to 
completion,  were  warmly  recognised  by  the  College. 
A  handsome  present  of  plate  marked  the  estima- 
tion in  which  his  services  were  held  by  that  body. 
He  acted  also  for  many  years  as  Curator  of  the 
Museum,  and  not  long  before  his  death  was  one  of 
the  Censors. 

At  the  University  of  London  he  held  for  a  time 
the  Examinership  in  Medicine.  In  1865  he  was  nomi- 
nated, by  Convocation,  to  the  Senate.  He  was  constant 
and  earnest  in  his  attendance  at  the  Senate,  and 
both  therein  and  in  Convocation  fought  earnestly  in 
defence  of  what  he  believed  to  be  the  interests 
of  the  profession  and  the  University.  In  this  aspect  he 
opposed  the  admission  of  women  to  medical  degrees  ; 
in  this  he  resolutely  set  his  face  against  the  anti- 
vivisection  agitation.  His  earnest  face  and  athletic 
figure  were  rarely  absent  from  the  platform  on  the 
occasion  of  the  annual  "  Presentation  day." 

His  relations  to  the  British  Medical  Association 
are  set  forth  in  the  Journal  of  the  Association  (Sept. 
30th,  1876),  by  the  pen  of  his  pupil  and  afterwards 
colleague,  Mr.  Ernest  Hart.  The  account  there  given 
must  in  fact  be  quoted  in  full,  as  comprehending  all 
that  should  be  said,  and  as  saying  it  in  singularly  fit 
words  :  "  Dr.  Sibson  appears  to  have  become  a  mem- 
ber of  the  Provincial  Medical  and  Surgical  Associa- 
tion in  1843,  the  year  in  which  he  read  his  paper 
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on  the  '  Position  of  the  Internal  Organs'  at  the  Leeds 
meeting.     At  the  annual  meeting  at  Worcester  in 
1849  he  moved  a  resolution  to  petition  Parliament 
on  the  subject  of  secret  poisoning  by  arsenic,  and 
was  appointed  a  member  of  a  committee  (of  which  the 
other  members  were  Sir  Charles  Hastings,  Mr.  Fuge, 
Dr.  Hodgkin,  Dr.  Toogood,  and  Dr.  Tunstall)  to  co- 
operate with  the  Pharmaceutical  Society  in  preparing  a 
series  of  resolutions  concerning  the  sale  of  arsenic.  In 
the  work  of  this  committee  Dr.  Sibson  took  an  active 
share,  and  the  result  of  its  proceedings  was  the  passing 
in  1852  of  the  Act  regulating  the  sale  of  arsenic.  At 
the  meeting  in  Worcester,  Dr.  Sibson  delivered  the 
address  in  Physiology,  taking  as  his  subject,  '  The 
Causes  which  excite  and  influence  Respiration  in  Health 
and  Disease.'  This  address  was  published  in  the  Trans- 
actions for  1850,  vol.  xviii.    In  1854  he  was  nomi- 
nated, under  the  then  existing  regime,  a  member  of  the 
General  Council  of  the  Association.    In  the  animated 
discussions  which  took  place  in  this  and  the  following 
year  regarding  the  proposed  name  of  the  Association 
from  '  Provincial '  to  '  British '  Dr.   Sibson  was  at 
first  one  of  those  who  regarded  the  proposal  with 
apprehension  ;  but  he  subsequently  gave  his  cordial 
assent  and  co-operation  in  adopting  and  carrying  into 
effect  the  new  constitution.    In  1861,  and  again  in 
1864,  1865,  and  1866,  he  was  chosen  by  the  Metro- 
politan Counties  Branch  as  a  member  of  the  General 
Council  of  the  Association,  and  in  1866,  on  the  death 
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of  Sir  Charles  Hastings,  was  elected  President  of  the 
Council  for  three  years.  On  his  retirement  from 
this  office  he  was  appointed  a  Vice-president  for  life 
of  the  Association.  At  the  annual  meeting  in  Dublin 
in  1867  the  honorary  degree  of  M.D.  was  conferred 
on  him  by  the  University  of  that  city.  At  the 
meeting  at  Newcastle-on-Tyne  in  1870  Dr.  Sibson 
made  the  address  in  Medicine,  the  subject  being 
'  The  Treatment  of  Rheumatism  and  Gout,'  illustrated 
by  elaborate  statistics  of  a  large  number  of  cases.  On 
the  same  occasion  the  honorary  degree  of  LL.D. 
was  conferred  on  him  by  the  University  of  Durham. 
At  the  annual  meeting  in  London,  1873, 
President  of  the  Section  of  Medicine.  As  a  member 
of  the  Committee  of  Council,  both  as  President  of 
Council,  and  in  1869,  as  Vice-president  of  the  Asso- 
ciation, Dr.  Sibson  was  most  regular  in  attendance. 
It  was  at  his  suggestion  that  in  1874  the  proposal 
was  made  to  apply  a  portion  of  the  funds  of  the 
Association  in  grants  for  scientific  research.  At  the 
first  meeting  of  the  Scientific  Grants  Sub-Committee 
he  was  appointed  Chairman,  and  held  that  office 
up  to  the  time  of  his  death.  Dr.  Sibson  was 
one  of  the  earliest  members  of  the  Metropolitan 
Counties  Branch,  and  in  1863  was  elected  Pre- 
sident. During  his  year  of  office  the  Branch 
exerted  itself  to  obtain  an  improvement  of  the 
regulations  affecting  the  medical  service  of  the  army  ; 
and,  with  this  object,  deputations  of  its  members  waited 
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on  the  Secretary  for  War  (Lord  de  Grey  and  Ripon), 
the  Duke  of  Cambridge,  and  Dr.  Gibson,  the  Director- 
General.  It  fell  to  Dr.  Sibson,  as  President,  to  take 
an  active  part  in  these  deputations,  and  it  was  soon 
evident  that  the  part  which  he  took  in  the  matter  was 
not  merely  that  of  one  who  felt  himself  bound  to 
perform  an  official  duty,  but  of  one  who  felt  warmly 
on  the  subject.  When  the  condition  of  the  army 
medical  officers  was,  in  the  same  year  (1864),  brought 
before  the  general  meeting  of  the  Association  in 
Cambridge,  he  was  appointed  one  of  the  members 
of  a  Committee  to  consider  what  steps  should  be  taken 
in  the  matter." 

In  the  Royal  Medical  and  Chirurgical  Society  of 
London  he  was  Member  of  Council,  1863-4  ;  a  member 
of  the  Committee  on  Chloroform  for  1873  to  1876. 
In  every  office,  as  Sir  James  Paget  has  said,  he 
set  himself  a  high  standard  of  duty  and  fulfilled  it. 
If  his  official  duties  were  many  and  various,  he  may 
be  seen  to  have  brought  one  determination  to  bear 
in  every  several  capacity.  He  must  do  the  routine 
work  of  the  appointment  faithfully.  This,  however, 
did  not  [suffice.  His  mind  caught  sight  readily  of 
the  broader  relations  of  every  line  of  official  work  ; 
his  conscience  was  never  content  to  accept  things 
as  they  were — he  was  impelled  to  advance  with 
the  whole  force  of  his  being  each  kind  of  work  in 
its  proper  line.  Such  a  genius  and  such  a  mental  ca- 
pacity were  not  likely  to  be  passed  unnoticed  by  men 
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outside  medical  ofiEce.    In  1867  he  was  placed  by  the 
Government  of  the  day  on  the  Committee  appointed 
to  inquire  into  the  state  of  Greenwich  Hospital.  In 
1875  he  was  one  of  the  Space  Committee  under  the 
Poor  Law  Board.    And  as  an  outcome  of  the  expe- 
rience here  gained,  he  became  an  active  member 
of  the  Metropolitan  District  Asylums  Board.    In  the 
choice  of  sites  for  the  new  hospital  for  infectious 
diseases,  and  in  the  constructions  of  the  plans  for 
the  buildings  to  be  founded  on  these  sites,  he  was 
abundantly  consulted.    It  is  not  saying  too  much,  if 
it  be  asserted  that  much  of  their  present  efficiency 
is  really  clue  to  his  well-balanced  provisions.  He 
supported  strongly  the  pavilion  system,  and  maintained 
always  that  for  the  best  working  of  this  system  it 
was  necessary  that  the  blocks  should  be  of  only  two 
storeys,  instead  of  four  or  five.  The  hospital  at  Stock- 
well  is  in  the  main  an  embodiment  of  his  views  on 
this  subject.     Nursing,  as  well  as  hospitals,  put  in 
a  claim  to  his  help.     He  worked  with  and  helped 
considerably  the  associations  for  providing  trained 
Nurses  for  the  sick  poor. 

In  appearance  Dr.  Sibson  was  fair  of  complexion, 
above  the  middle  height,  broad  shouldered  and  athletic. 
He  walked  always  with  his  head  thrown  forward  and 
shoulder  back  ;  a  long,  swift,  swinging  stride  carried 
him  quickly  over  the  ground  ;  and,  mostly,  he  was 
so  involved  in  thought  as  to.  be  little  conscious  of 
things  near  him.     He  was  an  early  riser,  being,  in  the 
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later  years  of  his  life  at  least,  accustomed  to  go  out 
for  a  walk  at  six  or  seven  o'clock  in  the  morning, 
winter  and  summer.  In  his  walks  he  commonly- 
carried,  Schaibar-like,  a  bar  of  iron,  formed  like  a 
walking-stick,  and  weighing  nine  pounds.  A  very 
formidable  figure  was  he  as  he  paced  along  the  park, 
with  the  bar  on  his  shoulder,  his  face  dilated  with 
the  joy  of  a  fresh  morning,  or  of  some  new  obser- 
vation, or  with  the  light  of  battle  in  argument  or 
council.  And,  Schaibar-like,  a  hard  hitter  was  he 
when  meanness  or  abuses  were  to  be  crushed. 

His  walks  were  not,  however,  taken  only  for  enjoy- 
ment. They  were  partly  taken  for  the  sake  of  health, 
were  partly  a  training  for  his  Alpine  holiday.  Every 
autumn  he  went  to  Switzerland.  There  the  London 
physician  became  the  ardent  mountaineer.  He  was 
a  member  of  the  Alpine  Club  ;  he  made  the  first  ascent 
of  the  Lyskamm  in  company  with  Professor  Ramsay, 
Mr.  Hardy,  Mr.  Hall,  and  others  ;  and  the  habit 
of  observation  led  him  to  take  great  interest  in  the 
structure  and  movements  of  glaciers.  For  this 
holid  ay  his  walks  were  therefore  a  training.  He 
used  to  run  at  intervals  a  hundred  paces  and  at  a 
good  rate.  Often  he  was  to  be  seen  scuddinof  across 
the  open  in  the  park ;  sometimes  alone,  sometimes 
with  a  friend.  "  There  goes  the  medicus  volans," 
was  heard  one  morning,  as  two  early  walkers  in  the 
park  pointed  to  a  figure  just  descending  with  out- 
blown  skirts  the  slojjes  to  the  Serpentine.    As  the 
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time  for  his  holiday  approached,  the  walks  in  Hyde 
Park  were  sometimes  extended  for  a  run  across  the 
Regent's  Park  and  a  brisk  ascent  of  Primrose  Hill — 
"  Monte  Primrosa,"  as  he  used  playfully  to  call  it. 
It  must  be  acknowledged  that  his  attire  in  the  winter 
walks  was  sometimes  very  comical.  When  he  had 
crossed  the  Park  and  reached  the  Serpentine  it  was 
his  custom  to  sit  down  on  one  of  the  benches,  and, 
cigar  in  mouth,  read  the  Times,  watch  the  wild-fowl, 
or  correct  proofs.  On  a  wet  morning  the  outside  of 
the  Times  was  spread  over  the  seat.  In  cold  weather 
he  would  wear,  in  view  of  this  part  of  his  excursions, 
several  coats,  with  perhaps  a  rug  pinned  over  them. 
And  then  his  run  over  the  snow,  with  his  open  Times 
given  to  the  breeze,  his  cheery  face  beaming  above 
the  flying  strata  of  apparel,  was  indeed  a  pleasant 
thing  to  see.  The  early  walks  were  not  given  up, 
even  when  he  had  been  working  late  into  the  night. 
Sometimes,  indeed,  he  started  for  them  after  reading 
or  writing  into  the  dawn.  Yet  he  never  seemed 
fatigued,  and  his  interest  in  things  encountered  in 
the  walk — a  leaf-bud,  a  fungus,  an  incident  of  bird- 
life — never  flagged.  In  his  house,  with  his  patients, 
in  society,  he  was  the  most  genial  of  men.  The 
effusive  warmth  of  his  welcome  to  a  friend,  or  even 
to  an  acquaintance,  may  well  have  carried,  for  the 
uninformed,  a  look  of  unreality.  In  sober  truth  this 
cordiality  was  not  in  the  least  assumed.  It  sprang 
from  an  impulsiveness  which  formed  a  pronounced 
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trait  in  his  character,  an  impulsiveness  neither  shallow 
nor  affected,  but  bidding  him  wear  his  heart  upon 
his  sleeve.  So,  to  the  new-comer  who  might  be 
supposed  to  be  worthy  of  respect  or  kindness,  his 
great  heart  opened  with  generous  cordiality  ;  for 
baseness,  sordidness,  or  whatever  might  have  a  trace 
of  wrong  in  his  eyes,  he  had  a  manner  as  bitterly 
repellent.  A  strong  vein  of  chivalry  ran  through 
him,  to  perhaps  some  exaggeration  of  courtesy, 
certainly  to  no  stint  of  fierceness,  as  the  balance 
of  the  honourable  and  dishonourable  fell  or  rose 
before  his  eyes.  To  those  who  really  knew  him  this 
impulsiveness  was  but  a  sign  of  the  great  strength 
with  which  his  spirit  was  moved  to  do  what  he  had 
in  hand. 

Between  the  duties  of  obligation  which  his  path 
in  life  brought  to  him,  and  the  work  chosen  of 
his  love,  there  seemed  often  for  many  weeks  no 
break.  He  passed  directly  from  one  to  the  other 
and  back  again.  His  morning  consultations  found 
his  table  crowded  with  books  of  reference,  diagrams, 
tables,  notes  full  or  condensed.  As  the  door  closed 
on  the  last  client  the  papers  were  once  more 
arranged.  As  the  day  went  on,  and  the  scene  of 
labour  changed,  drawing-room  and  bed-room  were 
successively  invaded  by  papers.  Out  of  all  this 
no  small  confusion  would  arise,  and  but  for  the 
loving  help  of  his  wife  many  a  time  would  his  work 
have  been  stopped  by  the  difficulty  of  finding  papers 
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mislaid  during  his  migrations,  or  forgotten  in  the 
haste  of  changing  duties.    His  pre-occupation  made 
him  often  one  of  the  most  absent  of  men,  and  led 
to  his  mislaying  papers  or  losing  them,  or  leaving 
them  behind  him  at  places  where  he  had  taken  them 
out  to  use  in  some  spare,  unoccupied  moment.  In 
the  abstract  he  was  orderly,  but  in  his  self-reliance 
he  did  all  his  own  work  for  himself,  and  in  intent 
sight  of  the  details  and  objects  of  his  work  he  over- 
leapt   order,  neatness,  and  time ;  though  he  never 
neglected  any  detail  bearing  on  his  conclusions,  nor 
slurred  over  a  doubtful  point,  nor  stated  any  conclu- 
sion which  he  had  not  accurately  formed  and  rigor- 
ously tested.      He  was  never  careless,  yet  often  lost 
much  time  through  his  impetuous  eagerness  in  pursuit 
of  the  great  end  which  he  had  in  his  view.  From 
time  to  time,    however,  this   energy  claimed  rest ; 
and  then  either  he  went  climbing  the  Alps,  or  he 
indulged  his  early  acquired  love  of  art.    His  studies 
bore  much  upon  questions  of  the  formal  relations 
of  parts.      In  his  recreations  also,  form  rather  than 
colour  attracted  him.     He  enjoyed  paintings,  it  is 
true.    He  might  be  seen  at  all  the  galleries  of  the 
season  in  turn.    But  his  great  delight  was  in  the 
old  Wedgwood  ware.    This  was  with  him  a  question 
of  form  and  intrinsic  beauty,  not  of  fashion.  He 
did  not  value  a  vase  for  its  rarity,  but  for  its  essential 
beauty.    So  he  became  a  collector  of  this  kind  of 
ware,  for  that  he  found  in  it  the  hand  of  Flaxman. 
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He  studied  the  work  of  Flaxman  in  this  department 
until  he  became  a  judge  and  expert  of  undoubted 
authority.  His  collection  of  plaques,  vases,  and 
medallions  was  large  and  most  beautifully  arranged. 
The  collection  brought  at  public  auction  after  his 
death  a  sum  which,  compared  with  the  number  of 
specimens,  was  very  large. 

It  remains  to  say  a  few  words  as  to  the  scope  of 
Sibson's  work.  His  published  papers,  complete  and 
incomplete,  are  some  thirty-nine  in  number.  A  large 
proportion  of  them  relate  to  affections  of  the  heart 
and  lungs,  and  to  the  position  of  the  viscera  in  health 
and  disease.  By  these  he  will  always  be  kept  in 
the  memory  of  men.  His  Medical  Anatomy,  although 
not  the  latest  of  his  productions,  must  be  regarded 
as  the  crown  of  his  labours,  and  cannot  fail  to  be 
used  and  quoted  by  all  authors  dealing  with  exact- 
ness of  observation  of  internal  diseases.  One  im- 
portant advantage  arising  from  the  formation  of  the 
present  collection  will  be  found  in  the  republication 
of  his  first  important  work — On  the  Situation  and 
Structure  of  the  Internal  Organs  under  varying  circum- 
stances of  Health  and  Disease — produced  by  him,  as 
we  have  already  seen,  while  still  in  general  practice  at 
Nottingham.  Now  and  then  one  finds  that  some  acute 
observer,  like,  for  instance,  Mr.  Spencer  Wells,  digs 
this  work  out  from  its  comparative  obscurity  and  turns 
its  wealth  of  information  and  accuracy  of  portraiture 
to  effective  use.    To  the  many  it  is  little  known  ; 
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yet  for  the  practitioner  of  medicine  its  usefulness 
perhaps  exceeds  even  that  of  the  Medical  Anatomy. 
Around  these  saHent  monuments  we  find  grouped 
about  twenty  papers,  some  intended,  Hke  that  on  "  The 
Mechanism  of  Respiration,"  to  broaden  the  base  upon 
which  the  practical  edifice  is  built ;  others  marking  the 
side-paths  of  research  into  which  Sibson  loved  from 
time  to  time  to  diverge.  The  study  of  the  position  and 
sounds  of  the  heart  led  him  to  his  elaborate  articles  on 
"  Pericarditis"  and  "Endocarditis"  in  Reynolds's  Systevi 
of  Medicine ;  the  same  study  led  him  to  minute 
investigations  of  the  arterial  states  in  Bright's  Disease, 
which  formed  the  subject  of  his  Harveian  Lectures, 
the  last  of  his  works.  These  lectures  indeed  are  not 
included  in  the  collection.  The  manuscripts  which 
could  be  found  were  incomplete,  a  great  part  of  the 
lectures  having  apparently  been  delivered  extempore 
from  notes.  What  remained  were  published  in  the 
British  Medical  Journal  shortly  after  his  death. 
Those  Lectures,  the  Address  in  Medicine,  and  the 
articles  in  the  System  of  Medicine  appear  to  me  to 
have  been  intended  by  him  to  be  preliminary  to  some 
more  condensed  and  summarised  embodiment  of  his 
researches  in  two  conterminous  fields.  They  present 
us  with  a  marvellous  amount  of  exact  information, 
laboriously  arrayed,  painfully  overlaid  with  references 
denoting  the  interrelations  of  facts.  We  may  perhaps 
best  define  them  as  such  a  mixture  of  classified 
memoranda    with    tentative  conclusions,  as  a  man 
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would  arrange  before  him  to  aid  his  final  judgment. 
If  therefore  the  reader  feels  himself  somewhat  lost 
in  the  multitude  of  facts,  and  is  conscious  that  on 
many  points  he  is  not  put  in  possession  of  clearly 
stated  inferences,  he  must  remember  that  the  hand 
of  the  artist  was  stayed  by  death  while  he  was  still 
occupied  in  fashioning  his  work  ;  must  remember 
that  this  is  but  the  clay  model  for  a  work  in  • 
marble ;  and  be  thankful  for  all  the  touches  that 
the  master's  fingers  have  left. 

A  smaller  group  of  papers  relates  to  the  subject 
of  narcotic  poisons.  The  effect  of  the  inhalation  of 
ether  and  chloroform  in  relieving  certain  kinds  of 
neuralgia  first  engaged  his  attention  ;  thence  he 
travelled  to  the  consideration  of  the  administration 
of  chloroform  and  ether,  with  especial  reference  to  the 
mode  in  which  death  is  produced  by  those  narco- 
tics ;  thence  again  to  the  more  general  subject  of 
the  action  of  the  narcotic  poisons.  Herein  he 
availed  himself  equally  of  clinical  observation  and 
of  the  literature  of  the  subject.  Herein  again,  as 
in  dealing  with  affections  of  the  respiratory  organs, 
he  made  free  use  of  illustrative  experiments,  and 
devised  new  apparatus  for  practical  use.  We  see 
him  here  once  more — at  one  time  the  experimental 
physiologist,  at  another  the  practical  physician.  These 
studies  no  doubt  led  to  his  being  placed  on  the 
Chloroform  Committee  of  the  Royal  Medico-Chir- 
urgical    Society.     The  Committee — a   large   one — 
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was  appointed  to  inquire  into  the  uses  and  the 
physiological,  therapeutical,  and  toxical  effects  of  chlo- 
roform, as  well  as  into  the  best  mode  of  administer- 
ing it,  and  of  obviating  any  ill  consequences  resulting 
from  its  administration.  The  Report,  published  in 
1864,  was  most  carefully  elaborate  and  conclusive,  and 
may  fairly  take  its  place  among  the  classical  literature 
of  anaesthetics. 

We  must  not  omit  to  notice  next  his  paper  on 
"The  Fever  of  Nottingham, "  published  in  1847,  seeing 
that  it  contains  an  early  recognition  of  the  distinction 
between  abdominal  or  typhoid  fever  and  petechial 
typhus,  founded  considerably  on  the  observations  of 
his  friend,  Dr.  A.  P.  Stewart.  In  this  communication 
both  the  diagnosis  and  aetiology  are  considered,  and 
the  relation  of  typhoid  fever  to  filth  and  decaying 
organic  matter  is  strongly  maintained,  though  the 
infection  is  clearly  regarded  as  occurring  through 
atmospheric  channels  only  ;  the  question  of  water 
or  other  vehicles  not  being  referred  to. 

Lastly,  all  his  studies,  as  we  have  seen,  did  not  lie 
within  the  pale  of  his  profession.  In  letters  from 
Watefton  reference  is  made  to  a  lecture  on  Gothic 
Architecture,  delivered  by  him  while  in  practice 
at  Nottingham.  Dr.  Hodgkin,  who  corresponded 
frequently  with  Sibson  at  that  time,  and  until  his 
removal  to  London,  adverts  in  one  letter  to  this 
occurrence,  expressing  some  doubt  as  to  the  wisdom 
of  Sibson's  action,  and  an  opinion  that  such  extra- 
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professional  appearances  I'n  public  might  damage 
his  practice.  The  manuscript  of  this  lecture  is  not  in 
existence.  In  connection  with  it  Sibson  is  known  to 
have  made  a  large  collection  of  architectural  drawings, 
which  were  lent  to  a  friend  after  he  came  to  London, 
and  were  never  returned  to  him. 

This  is  not  the  only  memorial  of  Sibson  that  is  lost. 
There  is  not  extant  any  portrait  which  in  the  judg- 
ment of  his  friends  constitutes  a  fair  presentment 
of  his  personal  appearance,  whence  it  comes  that  no 
likeness  is  prefixed  to  this  book.  His  friends  will 
need  no  such  help  to  recall  him  to  vivid  memory. 
He  will  live  in  the  value  and  influence  of  his  labours 
which,  as  they  are  illustrated  in  this  collected  record, 
may  tell  to  those  who  follow  without  having  known 
him  something  of  the  individuality  of  the  labourer. 


W.  M.  O. 
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ON  THE  CHANGES  INDUCED  IN  THE  SITUATION  AND 
STRUCTURE  OF  THE  INTERNAL  ORGANS,  UNDER  VARY- 
ING  CIRCUMSTANCES  OF  HEALTH  AND  DISEASE  ;  AND 
ON  THE  NATURE  AND  EXTERNAL  INDICATIONS  OF 
THESE  CHANGES.^ 

It  is  now  some  years  since  I  found  that  my  notions  of 
the  usual  and  heahhy  sites  of  the  various  viscera  were  ill- 
defined.  To  clear  up  this  obscurity,  owing  to  which  I  was 
constantly  at  fault  in  examining  patients  suffering  from  chest 
diseases,  I  took  diagrams  of  the  position  of  the  viscera,  when 
making  post-mortem  examinations  of  the  patients  that  died 
in  the  General  Hospital  near  Nottingham.  I  first  drew  a 
careful  outline  of  the  ribs  and  sternum,  and  then  added 
the  internal  viscera,  taking  care  that  their  bearings  to  each 
other,  and  the  ribs,  were  accurately  planned.  The  diagrams 
2,  10,  21,  and  26,  were  constructed  in  this  manner. 

After  a  time  I  procured  a  frame,  and  stretched  strings 
across  and  along  it,  at  distances  from  each  other  of  three 

'  Contributed  to  the  Transactions  of  the  Provincial  Medical  and 
Surgical  Association,  vol.  xii.  1844,  by  Dr.,  then  Mr.,  Francis  Sibson, 
Resident  Surgeon  to  the  General  Ho-.pital,  near  Nottingham. 
VOL.  L  D 
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inches;  the  whole  frame  was  thus  subdivided  into  forty-five 
squares.  I  ruled  a  piece  of  paper  with  squares  of  a  like 
fashion,  but  of  one-third  the  size  :  the  frame  I  laid  over 
the  subject  to  be  copied,  and  with  care  and  accuracy  traced 
the  objects  that  were  behind  each  three-inch  square  upon  the 
corresponding  one-inch  square  on  the  paper.  The  diagrams 
4,  5,  12,  17,  and  24,  were  thus  framed. 

I  showed  these  diagrams,  from  time  to  time,  to  Dr. 
Hodgkin;  he  was  interested  in  them,  said  they  were  of 
value,  and  gave  me  many  important  hints  regarding  them. 
Last  winter  Dr.  Hodgkin  exhibited  and  explained  many  of 
the  diagrams  at  one  of  the  conversaziones  at  St.  Thomas's 
Hospital,  at  the  time  when  the  Medical  School  of  that 
Institution  had  the  advantage  of  his  services.^  Some  months 
before  these  diagrams  were  thus  brought  before  the  pro- 
fession, Dr.  Hodgkin  suggested  to  me  a  plan  for  taking 
them,  which  I  immediately  adopted — a  plan  that  placed 
my  inquiry  on  an  entirely  new  and  more  solid  footing. 
This  method  consists  in  drawing  the  outlines  of  the  organs 
on  a  piece  of  lace,  stretched  on  a  frame  and  placed  over 
the  body;  the  sketch  is  transferred  by  placing  the  lace  over 
a  sheet  of  paper,  a  piece  of  the  "  manifold  letter- wi"iter 
paper"  being  interposed.  By  pressing  firmly  with  a  point 
on  the  chalked  outlines  they  are  traced  in  black  on  the  paper 
beneath.  By  this  plan,  employed  with  care,  perfect  accuracy 
is  ensured.  It  has  the  advantage  also  of  being  applicable 
to  the  living  as  well  as  to  the  dead. 

To  reduce  these  full-sized  diagrams  to  their  present  dimen- 
sions I  employed  a  pentagraph  that  was  recommended  to 
me  by  Dr.  Hodgkin. 

It  is  truly  gratifying  to  me  to  acknowledge  here  the 
kind  assistance  which  I  have  received  in  carrying  on  these 

*  See  Appendix. 
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researches  from  the  medical  officers  of  the  hospital  in  which 
I  have  the  honour  to  be  resident  surgeon. 

My  friend,  the  lamented  Dr.  Davidson,  late  senior  physi- 
cian, the  present  physicians,  Dr.  Hutchinson,  Dr.  J.  C. 
Williams,  and  Dr.  Storer,  and  the  surgeons,  Mr.  Wright, 
Mr.  White,  and  Mr.  Attenburrow,  have  given  me  their 
sanction  to  examine  and  publish  their  cases.  Mr.  Wright 
was  the  first  to  notice  the  importance  of  my  pursuit,  and 
to  encourage  me  to  persevere  in  it.  Dr.  Hutchinson  and 
Dr.  J.  C.  Williams  favoured  me  from  time  to  time  with 
serviceable  assistance;  and  from  Mr.  H.  Attenburrow  I 
have  derived  some  useful  improvements  in  the  mode  of 
constructing  the  diagrams.  I  must  not  forget  to  name  the 
repeated  aid  afforded  by  Mr.  Shepperley,  and  the  alacrity 
with  which  my  apprentices,  especially  Mr.  Ashwell,  lent 
their  helping  hands. 

ACTUAL  AND  RELATIVE  POSITION  OF  THE  HEALTHY  ORGANS 

— LUNGS  AND  HEART. 

Portion  of  Lung  above  the  Clavicle. — If  by  the  word  chest, 
as  applied  to  the  human  subject,  is  meant  the  subdivided 
cavity  in  which  are  contained  the  heart  and  lungs,  it  will 
be  found,  in  part,  to  occupy  the  lower  portion  of  what  is 
usually  termed  the  neck,  as  the  summit  of  the  lung  rises 
from  an  inch  to  an  inch  and  a  half  above  the  clavicles. 
A  clear  knowledge  of  this  supra-clavicular  portion  of  lung 
(Diagrams,  i,  3,  4,  5,  8,  11,  &c.)  is  of  the  first  moment  in 
forming  a  diagnosis  where  incipient  tubercles  exist;  here 
are  these  tubercles  first  formed  ;  here  may  they  be  earliest 
detected. 

In  front,  behind,  and  on  the  outside,  the  portion  of  lung 
m  question  is  rounded  ;  it  rests  upon  the  first  and  second 
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Diagram  i.— ORGANS  HEALTHY. 

AM  \VlDD3\VSON,  AGSD  27,  PatIENT  OF  Mr.  WriGHT,  DlUD   PROM  SeVERE  I 

Compound  Fkactuke  of  Thigh. 


I.  Right  lung  ;  in.  Division  between  upper  and  middle  lobe  ;  i'.  Left  lung.  2ir.  Left  ventricle  ; 
3b.  Right  ventricle  ;  2c.  Tricuspid  valve  ;  zU.  Mitral  valve.  3.  Right  auricle.  4.  Vena  cava. 
5.  Aorta.    6.  Pulmonary  aitery.    7.  Liver.    8.  Stomach. 

Where  the  organ  lies  immediately  below  the  surface,  its  outlines  are  dark ;  where  the  organ  is 
deep  seated  its  outlines  are  famt. 

Weight  of  0/-^a«r.— Right  lung-,  co  ounces;  left  lung,  15  ditto;  liver.  35  dltt> ;  spleen,  4  ditto. 
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ribs,  near  their  spinal  attachment.  (Diagrams  i  an  J  6  ; 
and  for  posterior  view,  Diagram  7.)  It  is  protected  on  the 
outside  and  in  front  by  the  scaleni  muscles.  (Diagrams  i 
and  25.)  The  pleura  which  covers  it  is  strengthened  and 
brought  under  muscular  control  by  a  fascia,  the  expanded 
aponeurosis  of  a  small  muscle,  the  pleural  scalenus,  (diagrams 
I  and  II,)  arising  from  the  transverse  process  of  the  last 
cervical  vertebra,  and  inserted  by  a  dome-like  fascia  into 
the  whole  of  the  upper  edge  of  the  first  rib.  The  internal 
posterior  surface  of  the  upper  portion  of  lung  is  separated 
from  its  fellow  by  the  first  and  second  dorsal  vertebrae, 
the  oesophagus,  and  the  trachea.  The  anterior  internal 
surface  is  hollowed,  and  as  it  were,  pushed  aside  by  the 
great  vessels  passing  to  and  from  the  chest. 

Lung  behind  tJie  Clavicle. — The  lungs  lie  immediately 
behind  the  sternal  ends  of  the  clavicles,  points  where  an 
examination  of  the  comparative  density  of  the  two  lungs 
may  be  made  with  ease  and  accuracy,  whether  in  the  sitting, 
standing,  or  lying  posture.  Unbutton  the  patient's  shirt, 
give  a  tap  or  two  over  the  clavicles,  just  to.  the  outside  of 
the  sternum,  and  the  ready  answer  will  tell  you  whether 
the  lung  is  consolidated  by  or  free  from  tubercles.  This 
little  convenience  in  diagnosis  is  of  much  value  when  time 
presses  and  allows  of  but  a  slight  examination. 

Lungs  behind  the  Upper  Half  of  the  Sternum. — The  inner 
portions  of  both  lungs  rapidly  converge  and  usually  come 
in  contact,  two  thin  layers  of  pleura  intervening,  just  behind 
the  junction  of  the  first  and  second  bones  of  the  sternum. 
(Diagrams  i,  2,  &c.)  The  thymus  body  separates  the  lungs 
in  children  ;  (Diagram  5  ;)  and  in  boys,  where  the  absorption 
of  that  bociy  is  not  yet  complete,  the  point  of  contact  is 
lower  than  in  adults ;  (Diagram  4 ;)  in  old  age  and  em- 
physema, on  the  other  hand,  the  lungs  meet  each  other 
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Diagram  2.— ORGANS  HEALTHY. 
Thomas  Newton,  aged  36,  Groom,  Died  from  Disease  of  Brain. 


I.  Right  lung;  i'.  Left  lung.  2.  Lower  bound  of  pericardial  sac;  2a.  Ven- 
tricles. 3.  Riglit  auricle.  4.  Vena  cava.  5.  Aorta  ;  5'.  Pulmonary  artery.  7. 
Liver.    8.  Stomach. 

Where  tlve  organ  lies  immediately  below  tlie  surface,  its  outlines  are  dark  ; 
where  the  organ  is  deep  seated,  its  outlines  are  faint. 

Weight  of  Organs. — Heart,  10^  ounces  ;  left  lung,  20J  ditto  ;  right  lung,  20 
ditto  ;  liver,  50^  ditto  ;  spleen,  5  ditto  ;  kidneys,  S  ditto. 
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above  the  usual  point.  (Diagram  20.)  The  inner  margins 
of  the  lungs  lie  side  by  side,  just  behind  the  centre  of  the 
sternum,  as  low  as  the  junction  of  the  fourth  costal  carti- 
lages to  the  sternum,  where  they  separate ;  (Diagrams  2 
and  1 1  ;)  but  the  place  of  separation  varies  considerably, 
ranging  between  the  point  opposite  the  third  cartilages, 
(Diagrams  i  and  9,)  and  that  opposite  the  fifth,  (Diagram 
4.)  In  pericardial  effusion  the  bulging  forward  of  the  swollen 
sac  thrusts  aside  the  inner  edges  of  the  lungs,  and  raises 
the  point  at  which  they  separate,  thus  affording  an  index 
to  the  discovery  of  that  disease.  (Diagrams  5,  12,  and  19, 
where  the  pericardium  has  been  artificially  dilated.)  In 
cases  of  diseased  heart,  with  adherent  pericardium,  (Dia- 
grams 23,  24,  25,  and  26,)  the  point  of  separation  is  almost 
always  unusually  high,  much  more  so  than  in  cases,  of 
diseased  heart  without  adhesion,  in  which  cases  the  co- 
existence of  emphysema  sometimes  even  lowers  the  point 
of  separation. 

Right  Lung  behind  the  Lower  Half  of  the  Siertmm. — The 
right  lung  continues  its  direct  course  downwards  immediately 
behind  the  centre  of  the  sternum,  to  the  attachment  of  the 
xiphoid  cartilage.    (Diagrams  i,  2,  and  ii.) 

Left  Lung  to  the  Left  of  the  Ifeart.— The  inner  margin 
of  the  left  lung,  after  its  separation  from  that  of  the  right, 
passes  obliquely  downwards  to  the  left,  usually  taking  the 
course  of  the  fourth  costal  cartilage.  (Diagrams  9  and  ii.) 
In  some,  especially  the  robust,  (Diagrams  2  and  3,)  and  in 
cases  of  emphysema  and  bronchitis,  the  direction  of  this 
line  is  lower,  (Diagram  15.)  Disease  of  the  heart,  with 
enlargement,  does  not  affect  the  direction  of  this  line;  but 
where  there  are,  in  addition,  pericardial  adhesions  it  is 
pushed  upwards.  When  the  inner  margin  of  the  oblique 
border  of  the  left  lung  crosses  the  space  below  the  costal 
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cartilage  and  rib,  behind  which  it  lies,  the  curve  becomes 
gradually  vertical:  (Q.iagrams  i,  2,  4,  and  11  ;)  towards  the 
lower  boundary  of  the  lung  this  edge  usually  curves  from 
left  to  right,  and  forms  a  small  projecting  tongue,  which 
is  interposed  between  the  apex  of  the  heart  and  the  ribs. 
(Diagrams  2,  4,  i  r,  and  16.)  In  emphysema,  bronchitis,  and 
pneumonia,  ailments  in  which  the  lung's  bulk  is  increased, 
this  internal  margin  of  the  left  lung  encroaches  still  further 
to  the  right,  wedging  in  between  the  walls  of  the  chest  and 
the  heart.  Where  the  heart  is  enlarged,  this  margin  on  the 
other  hand  is  pushed  out  of  its  usual  place.  (Diagrams 
*20  and  21.)  In  cases  of  pericardial  effusion  and  adhesion, 
the  displacement  is  still  greater.  (Diagrams  22,  23,  24,  and 
25.)  By  the  careful  observation  of  the  direction  of  the 
inner  lower  margin  of  the  lungs,  in  those  cases  where  there 
are  unequivocal  signs  of  diseased  heart,  we  may  gener- 
ally ascertain  whether  that  disease  be  simple  enlargement, 
or  enlargement  with  pericardial  adhesion,  or  pericardial 
effusion. 

Space  of  the  Heart's  Du/fzess. — In  the  living  body,  where 
the  lungs  and  heart  are  healthy,  the  space  of  the  heart's 
dulness  is  bounded  to  the  right  by  a  straight  line  at  the 
centre  of  the  sternum  ;  above,  by  a  line  running  along  the 
fourth  costal  cartilage  :  to  the  left,  by  a  curved  line  usually 
to  the  right  of  and  below  the  nipple,  the  lower  limb  of 
which  turns  to  the  right.  It  is  a  very  thin  portion  of  lung 
that  is  wedged  in  between  the  heart  and  the  ribs  all  round 
these  bounds,  to  ascertain  which  peculiar  tact  is  required  ; 
it  is  the  most  difificult  lesson  in  percussion,  and,  for  the 
discovery  of  heart  disease,  the  most  valuable. 

Superficial  Percussion. — These  superficial  margins  of  lung 
are  best  detected  by  making  a  slight,  superficial,  quick, 
flapping  tap,  with  the  right  forefinger  thrown,  jerkingly  as 
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it  were,  upon  the  left ;  or  upon  a  pencil,  placed  as  a  plexi- 
meter  upon  the  walls  of  the  chest.  I  have  not  tried  the 
leaden  hammer  with  a  whalebone  handle  suggested  by 
Dr.  C.  J.  Williams  but,  from  its  make,  I  judge  it  must  be, 
especially  to  the  inexperienced  percussor,  preferable  to  the 
finger  for  superficial  percussion. 

Lozcer  Margin  of  the  Right  Lung.— The  lower  margin 
of  the  right  lung  turns  off  to  the  right,  with  a  slight 
obliquity  downwards  for  a  short  space,  (Diagrams  i  and  4,) 
and  then  passes  off  almost  directly  to  the  right ;  sometimes 
there  is  no  obliquity,  but  the  lung  turns  off  sharply  to  the 
right.  (Diagram  ii.)  This  lower  bound  of  the  right  lung 
usually  passes  across  the  conjoint  cartilages  of  the  sixth 
and  seventh  ribs,  and  then  behind  the  fifth  intercostal  space  ; 
(Diagrams  i,  2,  3,  and  4  ;)  it  sometimes  passes  behind  the 
fifth  costal  cartilage,  and  sometimes  on  the  other  hand,  as 
in  children,  behind  the  sixth.  This  lower  margin  of  the 
right  lung  is  the  very  fine  edge  of  a  very  thin  layer  of  lung 
substance,  placed  between  the  costal  parietes,  and  the  dia- 
phragm, bulged  up  as  it  is  by  the  liver.  To  ascertain  the 
edge  of  this  portion  of  lung,  the  same  style  of  percussion 
must  be  resorted  to  as  to  ascertain  the  bounds  of  the  heart's 
dulness.  Anything  stronger,  anything  deeper  than  a  light 
flapping  stroke,  will  bring  out,  not  the  sound  of  the  film  of 
lung  immediately  under  the  finger,  but  the  dull  dead  sound 
of  the  deeper  liver. 

Loiver  Edge  of  the  Left  Lung. — The  lower  edge  of  the 
left  lung  is  usually  half  a  rib's  breadth  lower  than  the  lower 
edge  of  the  right  lung  ;  if  that  lower  edge  be  behind  the 
fifth  intercostal  space,  the  left  is  behind  the  sixth  costal 
cartilage.  (Diagrams  i  and  ii.)  If  the  lower  edge  of  the 
right  lung  be  behind  the  upper  edge  of  the  sixth  costal 
cartilage,  that  of  the  left  will  be  behind  its  lower  edge. 
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(Diagram  4.)  The  inferior  margin  of  the  lung  passes  almost 
directly,  or  with  a  very  gentle  slope,  to  the  left. 

Contrasted  Percussion  of  the  Stomach  and  Lung. — The 
stomach  and  spleen,  the  diaphragm  interposed,  are  directly 
behind  and  below  the  lower  edge  of  the  left  lung.  The 
sound  on  percussion  over  the  stomach  is  of  a  very  different 
character  to  that  over  the  lung ;  it  is  reverberatinsr,  rineincr, 
cmpty-barrel-like.  The  sound  of  the  first  tap  on  the  parietes 
gives  rise  to  vibrations  in  the  cavity,  which  are  echoed  back- 
wards and  forwards  between  its  walls  and  centre,  and  prolong 
the  sound.  On  percussing  over  the  liver  the  first  sound 
caused  is  like  that  produced  in  percussing  over  the  stomach ; 
but  the  liver,  on  the  one  hand,  acts  as  a  damper,  and  im- 
mediately stops  the  vibrations  ;  the  stomach,  on  the  other 
hand,  takes  up  the  sound  and  rings  away  with  it  until  it 
dies  in  a  faint  echo.  Now,  the  lung  is  half  way  between 
these  two  ;  it  is  a  good  sharp  to  the  liver,  but  a  damp  flat 
to  the  stomach.  The  sound  vibrations  elicited  by  the  first 
stroke  are  taken  up  by  the  lung  and  made  its  own ;  if  the 
stroke  be  light  the  lung  vibrations  are  clear  enough,  but 
very  shallow,  and  soon  come  to  an  end — there  is  no  dying 
away ;  but  if  the  blow  be  struck  over  the  mass  of  the  lung, 
as  over  the  third  right  rib,  and  if  it  be  direct,  firm,  and 
deep,  and  made  on  a  firm,  compact  surface,  as  a  dense 
finger,  or,  what  is  better,  an  ivory  or  wooden  pleximeter, 
the  loud  and  deep  sound  is  produced.  This  is  taken  up 
and  made  its  own,  not  merely  by  the  surface,  but  by  the 
whole  substance  of  the  lung,  all  the  air  lobules  of  which, 
through  the  medium  of  their  bronchial  tubes,  form  but  one 
large  sac,  but  one  infinitely  subdivided  cell ;  the  vibrations 
here  are,  as  in  the  stomach,  from  centre  to  side,  interfered 
with  it  -is  true,  and  in  great  part  muffled  by  the  infinite 
subdivisions  of  the  lung.    The  sound,  then,  though  resonant. 
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Diagram  3.— ORGANS  HEALTHY. 

Ei.izA  Mast,  aged  16,  Patient  of  Mr.  H.  Attenhurrow,  Diep  from 

THE  Effects  of  a  Burn. 


I.  Right  lung;  i'.  Left  lung.  2,  Lower  bound  of  pericardial  sac;  2c.  Tri- 
cuspid valve ;  2(/.  Mitral  valve.  3.  Right  auricle.  4.  Vena  cava.  5.  Aorta. 
6.  rulmonary  artery.    7.  Liver,    8.  Stomach. 

Where  the  organ  lies  immediately  below  the  surface,  its  outlines  are  darl<  ; 
where  the  organ  is  deep  seated,  its  outlines  are  faint. 

Weight  of  Organs. — Heart,  7A  ounces  ;  right  lung,  9 J  ditto  ;  left  lung,  9  ditto  ; 
liver,  32  ditto  ;  spleen,  4  ditto  ;  kidneys,  each,  4^  ditto. 
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compared  to  the  dull  liver  sound,  is  dull  when  compared 
to  the  ringing  stomach  sound ;  it  is  indeed  the  dumb  peal, 
it  strikes  with  quite  a  different  tone  upon  the  ear,  it  tells 
quite  a  different  tale  ;  and  the  distinction  between  the  hollow 
resounding  stomach  and  the  muffled  lung  is  quite  as  distinct-, 
quite  as  characteristic,  as  the  difference  between  the  dull 
liver  and  the,  to  it,  resounding  lung. 

If  the  liver  be  large,  as  in  Diagram  lo,  or,  from  the  stomach 
being  empty,  falls  over  into  the  space  which  is  usually  occu- 
pied by  the  stomach,  as  in  Diagram  2,  and  passes  over  to  the 
left  below  the  inner  edge  of  the  left  lung,  then  the  comparative 
percussion  is  as  on  the  right  side,  between  the  dull  liver  and 
resounding  lung.  If  the  lower  edge  of  the  left  lung  cannot, 
as  sometimes  it  cannot,  be  clearly  made  out  by  comparison 
with  the  stomach,  it  may  be  ascertained  where  it  is  above  the 
dull  spleen,  and  the  line  of  demarcation  there  found  will  serve 
as  a  clue  to  trace  the  rest.  If  the  sound  of  the  stomach  be 
too  much  muffled,  by  want  of  gas,  to  bring  out  a  cle?rr 
difference  in  sound  between  itself  and  the  lung,  it  will  be 
perfectly  resonant,  compared  with  the  dull  sound  of  the  heart. 
The  boundary  of  the  heart  being  thus  discovered,  that  of  the 
lung  may  be  readily  traced. 

Fissures  betzvee?i  the  Lobes  of  t/ie  Lungs— Th^  separation 
between  the  upper  and  middle  lobes  of  the  right  lung  is,  at 
its  internal  edge,  usually  behind,  just  below,  or  just  above, 
the  junction  of  the  fourth  costal  cartilage  to  the  sternum  ; 
(Diagrams  i,  4,  and  ii  ;)  it  passes  to  the  right  with  a  slight 
obliquity  upwards,  behind  the  edge  of  the  third  rib.  (Diagrams 
I  and  II.) 

The  separation  between  the  middle  and  lower  lobe  (Diagram 
11)  is  behind  the  fifth  intercostal  space,  four  inches  to  the 
right  of  the  sternum  ;  it  passes  obliquely  upwards,  backwards, 
and  to  the  right,  behind  the  fifth  rib.    The  lowest  and  fore- 
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Diagram  4.— ORGANS  HEALTHY. 
Boy  Poulter,  aged  9,  Died  from  Fever. 


I.  Right  lung;  i'.  Left  lung.  2.  Lower  boundary  of  the  pericardial  sac, 
2'.  Outline  of  the  pericardial  sac  after  it  was  distended  by  six  ounces  of  water. 
4.  Vena  cava.    7.  Liver.    8.  Stomach.    9.  Spleen.    10-10.  Kidneys. 

Weight  of  Organs. — Heart,  3^  ounces  ;  right  lung,  6.^  ditto  ;  left  lung,  $\ 
ditto  ;  liver,  23  ditto  ;  spleen,  8  ditto  ;  right  kidney,  3  ditto  ;  left  kidney,  3^ 
ditto. 

Pericardium  artificially  distended  ;  spleen  large. 

most  point  of  division  between  the  upper  and  lower  lobes  of 
the  left  lung  is  behind  the  fifth  intercostal  space,  four  inches 
to  the  left  of  the  sternum  ;  it  passes  upwards,  backwards,  and 
to  the  left,  crossing  behind  the  fifth  and  fourth  ribs.  As  the 
lower  lobe  is  usually  the  seat  of.  pneumonia,  and  as  the  upper 
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lobe  is  in  general  the  site  of  tuberculous  consolidation,  a 
knowledge  of  these  bounds  is  of  much  value  in  arriving  at  a 
diagnosis  in  those  diseases.  It  is  true  that  those  very  diseases 
vary  the  position  of  the  separation  between  the  lobes  ;  yet  that 
very  variation  is  characteristic. 

Inferior  Posterior  Bounds  of  L tings. — The  inferior  posterior 
bounds  of  both  lungs  are  just  behind  the  junctions  of  the 
twelfth  ribs  to  the  vertebras,  and  pass  directly  outwards  and 
forwards. 

Trachea  — The  trachea  (Diagrams  7  and  13)  at  its  bifur- 
cation, as  it  lies  to  the  right  of  and  posterior  to  the  arch  of 
the  aorta,  is  behind  the  right  side  of  the  sternum  at  its 
junction  with  the  second  right  costal  cartilage,  and  is  behind 
and  in  front  of  (the  oesophagus  being  interposed)  the  right 
side  of  the  bodies  of  the  fifth  and  sixth  dorsal  vertebrae. 
(Diagram  7.)  Corresponding  with  this  position  of  the  trachea, 
the  respiratory  sounds,  especially  the  expiratory  murmurs, 
are  louder  and  clearer  to  the  right  of  the  sternum  and  vertebrae, 
than  to  the  left.  (Diagram  L.  2.y  In  a  healthy  woman,  the 
subject  of  this  diagram,  the  expiratory  murmur,  which  could 
not  be  heard  to  the  left  of  the  sternum,  was  perfectly  clear  to 
the  right. 

Heart;  its  Central  Attachment. — The  heart  is  attached  to 
its  place,  in  relative  position  to  the  lungs,  by  the  veins  sup- 
plying the  left  auricle  ;  these  veins  issue  from  each  lung  at 
about  an  equal  distance  from  the  centre  of  the  left  auricle, 
which  is  in  front  of  the  sixth  and  seventh  dorsal  vertebrce. 
(Diagrams  7  and  13.) 

The  right  auricle  and  the  auricular  portion  of  the  right 
ventricle  lie  to  the  right  of  the  centre  of  the  sternum.  As  the 
auricle  is  not  much  exposed  to  variation  in  size,  its  encroach- 

1  The  letter  L.  refers  to  a  second  series  of  diagrams  taken  from  the 
living  body.    See  pp.  74,  79,  82,  94. 
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ment  on  the  right  lung  does  not  vary  much  during  the  motions 
of  the  heart ;  on  the  other  hand,  a  greater  part  of  the  right,  and 
the  whole  of  the  left  ventricle,  lie  to  the  left  of  the  centre  of 
the  sternum,  so  that  these  moving  muscular  cavities,  varying 
'  constantly  in  size  of  cavity  and  solidity  of  walls,  make  a 
constantly  varying  encroachment  on  the  mass  of  the  left  lung- 
(Diagrams  i,  2,  3,  4,  7,  ii,  &c.) 

Ri£-/it  Boufid.— The  right  bound  of  the  heart,  in  other 
words  the  outer  wall  of  the  right  auricle,  is  from  one  to  two  rib's 
breadths  to  the  right  of  the  right  edge  of  the  sternum.  This 
bound  varies  considerably  in  different  persons,  the  variation 
being  due  to  the  variation  in  quantity  of  blood  in  the  right 
auricles  ;  so  that  where  the  freedom  of  the  circulation  through 
I     the  lungs  permits  the  right  ventricle,  and,  into  it,  the  right 
^     auricle,  to  discharge  their  contents  freely,  this  right  bound 
jj     approaches  the  right  edge  of  the  sternum.    In  those  cases,  on 

I the  other  hand,  where  the  circulation  through  the  lungs  is 
impeded,  as  generally  happens  towards  the  time  of  death, 
J     the  right  auricle  and  ventricle  cannot  freely  discharge  their 
)     contents,  become  filled,  blocked  up,  and  distended  ;  the  veins 
J     of  the  neck  and  the  superior  cava,  the  liver  and  the  inferior 
i     cava,  become  greatly  engorged  ;  and  the  right  bound  of  the 
i     heart  encroaches  much  further  on  the  right  lung,  and  lies  to 
the  right  of  the  sternum,  almost  as  far  as  behind  the  costo- 
cartilaginous  junctions.    The  vena  cava  superior,  being  the 
conduit  to  this  auricle,  is  distended  or  relaxed  at  the  same 
time  with  it,  and  its  outer  boundary  is  usually  in  the  direction 
of  the  outer  boundary  of  the  auricle.    Those  portions  of  the 
heart  that  lie  to  the  right  of  the  centre  of  the  sternum  are 
always  covered  by  a  wedge  of  lung  that  thins  off  as  it  comes 
to  the  centre.    By  percussing  with  a  firm,  direct,  deep  stroke, 
the  vibrations  excited  will  pass  quickly  through  the  thin 
layer  of  lung  and  be  stopped,  damped  by  the  deeper  solid 
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auricle,  and  will  give  a  sound  well  contrasted  with  the  rever- 
berating resonance  over  the  mass  of  the  right  lung.  The  tip 
of  the  right  auricle  lies  generally  a  little  to  the  left  of  the 
centre  of  the  sternum  ;  this  point  is  on  a  line  with  the  semi- 
lunar valves  of  the  pulmonary  artery,  which  are  seated  just  to 
the  left  of  the  sternum,  and  is  immediately  in  front  of  the 
first  spring  forward  of  the  arch  of  the  aorta,  a  little  to  the 
right  and  in  front  of  the  semilunar  valves,  (Diagrams  i8,  20, 
and  25,)  which  are  usually  behind  the  left  side  of  the  sternum. 
(Diagram  i.) 

Great  Vessels. — The  vena  cava  enters  the  auricle  just  to 
the  right  of  the  auricular  portion,  so  that  the  spring  of  those 
great  supplying  vessels,  the  aorta  and  pulmonary  artery,  and 
the  point  of  entrance  of  the  vena  cava,  all  lie  together  side 
by  side,  the  aorta  in  the  middle,  flanked  to  the  right  by  the 
vena  cava,  to  the  left  by  the  pulmonary  artery.  The  valve 
of  the  pulmonary  artery  is  usually  behind  the  sternal  end 
of  the  second  left  intercostal  space.  (Diagrams  i,  2,  3,  4, 
and  5.) 

Aortic  Valves.— The  aortic  valve  is  in  general  to  the  right 
of  the  third  left  costal  cartilage,  (Diagrams  I  and  18,)  but 
these  parts  do  not  maintain  an  unvarying  position.  They 
are  influenced  by  the  motions  both  of  the  heart  and  lungs. 
In  cases  of  enlarged  heart,  where  there  are  no  adhesions 
(Diagrams  20  and  21,)  in  emphysema  and  in  bronchitis,  (Dia- 
grams 14  and  15,)  the  valves  of  the  great  vessels  are  lowered  ; 
the  valve  of  the  pulmonary  artery  being  then  seated  immedi- 
ately behind  the  third  costal  cartilage ;  and  the  aortic  valve  to 
the  right  of  the  fourth  intercostal  space  and  the  fourth  left 
costal  cartilage.  These  valves,  on  the  other  hand,  are  generally 
elevated  in  cases  of  enlargement  of  the  heart,  with  pericar- 
dial adhesion.  (Diagrams  22,  23,  24,  and  25.)  The  aorta 
ascends  a  little  to  the  left,  and  bulges  forward  so  as  to 
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approach  the  nearest  to  the  sternum  when  on  a  Hne  with  the 
second  costal  cartilage.  The  pulmonary  artery,  on  the  other 
hand,  is  nearest  to  the  costal  parietes,  where  it  takes  its  rise  ; 
as  it  ascends  to  the  lower  extremity  of  the  upper  bone  of 
the  sternum,  it  passes  gradually  inwards  and  backwards.  In 
cases  of  aortic  regurgitation,  where  the  flapping  second  sound 
of  the  aortic  valves  is  replaced  by  a  bellows  noise,  the  second 
sound  of  the  pulmonary  artery  is  clearly  heard  over  the  second 
left  intercostal  space,  just  to  the  side  of  the  sternum,  but  the 
sound  is  not  heard  over  the  upper  part  of  the  sternum. 

Arch  of  Aorta. — The  arch  of  the  aorta,  in  its  passage 
backwards  and  to  the  left,  is  behind  the  first  bone  of  the 
sternum,  and  in  front  of  the  fourth  dorsal  vertebra  ;  as  it 
gives  off  the  subclavian  artery,  it  is  anterior  to  the  left  half 
of  the  body  of  that  vertebra,  (Diagram  7  ;)  thence  the  aorta 
descends  in  front  of  the  left  half  of  the  bodies  of  the  dorsal 
vertebra.  The  second  sound  of  the  aortic  valves  is  well 
heard  over  the  upper  part  of  and  above  the  sternum,  in  front 
of  the  great  vessels ;  it  is  likewise  heard  with  great  clearness, 
though  feebly  in  comparison  with  the  points  just  named,  over 
the  third,  fourth,  and  lower  dorsal  vertebrae,  especially  to 
the  left  of  their  spines.  (Diagrams  i  and  2.)  If  aortic  re- 
gurgitation give  rise  to  abnormal  sounds,  these  are  loudest 
and  clearest  over  the  usual  seat  of  the  replaced  aortic  second 
sound.  The  sounds  of  the  aortic  and  pulmonic  valves  are, 
to  some  extent,  muffled  by  the  thin  layers  of  lungs  inter- 
posed between  them  and  the  sternum.  In  robust  large- 
chcstcd  persons,  and  in  females  where  the  upper  part  of  the 
chest  has  been  unnaturally  developed  by  the  influence  of  tight 
lacing,  the  sounds  of  these  valves  over  the  sternum  are  com- 
paratively indistinct. 

Right  Ventricle. — The  right  ventricle  lies  immediately 
behind  the  lower  half  of  the  sternum  and  the  third,  fourth, 
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and  fifth  intercostal  cartilages.    Its  junction  with  the  right 
auricle  takes  a  curve  obliquely  downwards  and  to  the  right, 
from  the  centre  of  the  sternum  between  the  third  costal  carti- 
lages to  the  sternal  junction  of  the  sixth  and  seventh  right 
costal  cartilages.    (Diagram  i.)    The  left  boundary  of  this 
ventricle  is  defined  by  a  line,  drawn  almost  directly  down- 
wards, and  to  the  left,  from  the  outer  edge  of  the  pulmonary 
artery  to  the  lower  bound  of  the  heart,  a  little  to  the  right  of 
the  apex.    Where  the  right  ventricle  is  dilated,  either  by 
disease  or  by  unusual  distension,  (Diagrams  14  and  15,)  this 
left  boundary  line,  the  ventricular  septum,  approaches  close  to 
the  left  bound  of  the  heart ;  this  boundary,  on  the  other 
hand,  is  at  an  increased  distance  from  that  bound  in  those 
cases  of  enlarged  left  ventricle  where  the  size  of  the  right 
ventricle  is  normal.     (Diagram  20.)     The  impulse  of  the 
right  ventricle  being  naturally  feeble  in  the  healthy  state,  it  is 
not  communicated  to  the  sternum  ;  but  where  its  walls  are 
thickened,  and  its  cavity  enlarged,  as  in  cases  of  pericardial 
adhesion,  the  impulse  of  the  right  ventricle  being  strong, 
heaves  up  the  sternum.    The  to-and-fro  friction  sounds,  so 
characteristic  of  pericarditis,  are  due  to  the  systolic  and 
diastolic  glidings  of  the  right  ventricle  on  the  free  pericar- 
dium, when  its  surface  is  rendered  turgid  by  enlarged  blood 
vessels,  or  roughened  by  new  vascular  deposit. 

Triaispid  Valve. — The  tricuspid  valve  (Diagrams  i  and  3) 
passes  from  the  right  auriculo-ventricular  junction  and  lies 
immediately  behind  the  centre  of  the  sternum,  where  the 
abnormal  sounds  due  to  regurgitation  through  this  valve  are 
loud  and  clear. 

Left  Ventricle. — The  left  ventricle  usually  projects  an  inch 
beyond  the  right.  (Diagram  i.)  The  outward  bound  is 
usually  behind  the  nipple.  Its  apex  is  behind  the  lower 
edge  of  the  fifth  rib,  (Diagram  i,)  close  to  the  costal  cartilage. 


I.  Right  lung  ;  i'.  Left  lung.  2.  Heart.  3.  Right  auricle.  4.  Vena  cava. 
5.  Aorta.  6.  Pulmonary  artery.  7.  Liver,  7'.  Posterior  deep  boundary  of  the 
liver.    8.  Stomach.    9.  Spleen. 

Weight  0/  Organs. — Right  lung,  3^  ounces  ;  left  lung,  3  ditto  ;  heart,  2|  ditto  ; 
liver,  12  ditto  ;  spleen,  2  ditto  ;  right  kidney,  \  \  ditto  ;  left  kidney,  1}  ditto. 

Enormous  flatulent  distension,  tilting  upwards  the  anterior  edge  of  the  liver. 

The  apex  of  the  heart  is,  after  death,  almost  always  drawn 
upwards  for  about  half  a  rib's  breadth.  In  enlargement  of 
the  heart,  (Diagrams  20  and  21^)  the  outer  bound  of  this 

C  2 


20 


ON  CHANGES  IN  THE  SITUATION 


ventricle  is  considerably  more  to  the  left,  and  the  apex  is 
much  lower  than  in  the  state  of  health.  This  deep  outer 
bound  of  the  left  ventricle  is  readily  ascertained  by  strong 
deep  percussion.  (Diagrams  L.  i,  2,  &c.;  The  posterior 
surface  of  the  left  auriculo-ventricular  junction  is  to  the  left 
of  the  transverse  processes  of  the  sixth,  seventh,  and  eighth 
dorsal  vertebrae,     (Diagram  7.) 

Mitral  Valve. — In  front,  the  broad  attachment  of  the 
mitral  valve  is  immediately  behind  the  centre  of  the  sternum, 
posterior  to  the  tricuspid  valves.  The  column^e  carneas,  as 
they  approach  the  apex,  lie  behind  the  fourth  and  fifth  costal 
cartilages  ;  but  it  is  at  their  origin  at  the  apex  that  they 
come  the  closest  to  the  surface,  and  it  is  there  that  conveyed 
abnormal  sounds,  due  to  mitral  regurgitation,  are  most  dis- 
tinctly heard  ;  these  sounds  are  likewise  heard,  though  very 
faintly,  to  the  left  of  the  seventh  and  eighth  dorsal  vertebra. 
As  the  aorta  is  there  interposed  between  the  vertebrae  and 
the  heart,  the  aortic  valvular  sounds  are  carried  by  the 
current  of  blood  to  this  point.  If  the  abnormal  sound  there 
heard  be  louder  over  the  third  and  fourth  dorsal  verte- 
brae, it  is  due  to  disease  of  the  aortic  valves;  but  if  the  sound 
become  louder  on  approaching  the  heart's  apex,  and  is  not 
heard  behind  the  upper  dorsal  vertebrae,  it  is  due  to  mitral 
regurgitation.  The  healthy  first  or  systolic  sound  begins 
with  a  sharp,  clacking,  often  ringing  noise,  perfectly  alike  in 
character  to  the  second  sound  ;  this  sharp  sound  is  heard 
exactly  at  the  same  time  that  the  shock  of  the  impulse  is 
felt ;  it  is  loud  in  the  neighbourhood  of  that  shock,  and  over 
the  whole  region  of  the  heart's  dulness,  but  is  indistinct 
and  feeble  wherever  any  portion  of  lung  is  interposed  between 
the  heart  and  parietes.  (Diagrams  L.  i,  and  2.)  The  sharp 
noise  is  followed  by  a  dull  rumble,  which  is  usually  heard  over 
a  very  great  extent,  and  especially  where  the  chest  is  narrow 
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and  its  walls  thin.  The  lower  bound  of  the  heart  extends 
from  the  lowest  point  of  auriculo- ventricular  junction  to  the 
apex,  with  a  gentle  obliquity  downwards  and  to  the  left ;  it. 
usually  passes  behind  the  articulation  of  the  xiphoid  cartilage 
to  the  sternum.  If  the  liver  does  not  extend  to  the  left  of  the 
apex  the  hollow  resonance  of  the  stomach  affords  a  marked 
contrast  to  the  dull  sound  of  the  heart ;  and  as  firm  percus- 
sion over  the  lower  and  left  margin  of  the  liver  usually  brings 
out  the  resonance  of  the  deep  stomach,  we  can  almost  always 
ascertain  the  heart's  lower  boundary.  This  boundary  almost 
invariably  extends  from  the  inner  edge  of  the  lower  margin 
of  the  right  lung,  which  is  usually  just  under  the  extremity  of 
the  sternum,  to  the  inner  edge  of  the  lower  margin  of  the  left 
lung,  which  is  a  little  to  the  right  of  the  heart's  apex.  Ascer- 
tain these  points,  draw  a  line  from  one  to  the  other,  and  you 
will  define  the  lower  bound  of  the  heart  with  just  precision. 
In  life-time  the  lower  bound  of  the  heart  is  usually  about 
half  a  rib's  breadth  higher  than  it  is  after  death.  On  making 
an  examination  of  the  dead  body,  the  lower  bound  of  the 
pericardial  sac,  (Diagrams  3,  19,  &c. ,)  is  found  to  be  lower 
than  the  heart's  lower  bound,  as  the  heart,  after  the  last  vital 
contraction,  contains  less  blood  than  it  does  during  life,  and 
retracts  upwards. 

Arteria  Innoininata. — The  arteria  innominata  is  in  front  of 
the  trachea,  just  above  the  sternum  (Diagram  11,  &c.) ;  its  beat 
is  not  usually  seen,  but  it  is  visible  in  cases  of  aortic  regurcri- 
tation,  where  the  vessel  rises  with  a  rapid  bound  and  falls 
back  with  a  sudden  jerk  ;  and  it  is  also  seen  where  the  artery 
is  unusually  distended,  as  in  cases  where  there  is  an  undue 
and  over-abundant  supply  of  arterial  blood  to  the  head. 
Besides  this  arterial  pulse  that  is  occasionally  seen  in  the 
neck,  we  have  another,  a  venous  pulsation,  that  is  almost 
•invariably  visible. 
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Jtigidar  Pulsation. — The  deep  jugular  veins  lie  beneath 
the  sterno-cleido  muscles,  when  joined  by  the  subclavian  veins 
they  pass  into  the  chest  just  behind  the  junction  of  the 
sternum  and  clavicle.  (Diagrams  15  and  20).  There  is  a 
constant  visible  pulsation,  both  in  these  and  in  the  superficial 
jugular  veins,  which  pulsation,  though  perfectly  visible,  can- 
not be  felt.  The  veins  are  most  distended  during  the  systole, 
when  the  blood  is  sent  with  the  greatest  energy  by  the  con- 
traction of  the  ventricles  through  the  arteries  and  capillaries 
along  the  veins.  At  the  same  time,  the  contraction  of  the 
right  ventricle  prevents  its  reservoir,  the  right  auricle,  from 
discharging  itself,  so  that  the  auricle  and  the  conduits  leading 
to  it,  the  veins,  become  distended.  Immediately  after  the 
ventricular  contraction  the  cavity  of  the  right  ventricle 
becomes  flaccid,  the  contents  of  the  veins  are  forced  onwards 
into  the  auricle  by  the  contraction  of  the  arteries  previously 
distended  during  the  systole ;  and  from  the  auricle  by  the 
same  action,  the  blood  is  poured  into  the  right  ventricle.  The 
obstruction  to  the  progress  of  the  venous  blood  is  now 
removed,  and  during  the  second  sound  the  veins  become  com- 
paratively e77ipty,  a  slight  rally  instantly  takes  place,  the  veins 
szvell,  but  to  a  very  slight  degree;  the  second  sivelling  is  in- 
stantly followed  by  a  second,  though  a  very  slight,  depression, 
after  which  a  gradual  swell  takes  place  ;  this  swell  continues 
during  the  whole  of  the  interval,  and  suddenly  increases 
during  the  systole.  The  second  slight  pulsation  is  like  a 
gentle  rapid  dance  upon  the  surface  of  the  vein. 

Effect  of  Respiration,  on  Jiigular  Pulsation.— Tht  veins  of 
the  neck  contain  the  least  blood  during  a  deep  inspiration, 
the  expansion  of  the  walls  of  the  chest  withdraws  the  pressure 
of  those  walls  from  the  right  cavities  of  the  heart,  and  permits 
the  blood  to  be  sent  more  freely  into  those  cavities.  The 
venous  pulsation  is  much  diminished,  in  many  persons  ren- 
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Diagram  6.— HEALTHY  ORGANS  (Side  View). 

Shtrwitig  also  the  change  inform  of  the  Costal  Wall  that  effects  a  deep  hispiration. 

John  Egan,  aged  23,  Patient  of  Mr.  White  ;  Ulcers  of  Intestines 

AND  Leg. 


I.  Left  lung  ;  \a.  Left  lung  after  being  ftilly  inflated.  2.  Lower  boundary 
of  the  pericardium  ;  za.  Right  ventricle  ;  zb.  Left  ventricle  ;  2d.  Mitral  valve. 
8.  Stomach.  9.  Spleen  ;  9'.  Situation  of  spleen  after  the  lungs  were  injlaled. 
10.  Kidney;  10'.  Kidney,  after  inflation  of  the  lungs. 

The  continuous  lines  indicate  the  seat  and  form  of  the  ribs  and  scaleni  before  the 
lungs  were  inflated.  The  interrupted  lines  indicate  the  seat  of  the  ribs  and  scaleni 
afcr  the  lungs  were  inflated. 
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dered  invisible,  during  a  deep  inspiration.     A  forcible  and 
deep  expiration  has,  on  the  other  hand,  quite  an  opposite 
effect  ;  the  contracted  walls  of  the  chest  compress  the  right 
cavities  of  the  heart,  and  prevent  the  ingress  of  venous  blood. 
The  veins  of  the  neck  and  of  the  thyroid  body  become  neces- 
sarily distended  ;  these  veins  indeed  become  an  ever-varying 
reservoir,  that  adapts  itself  with  perfect  flexibility  to  the  ex- 
pansion or  contraction  of  the  heart,  so  that,  when  the  cavity 
inside  is  lessened,  the  reservoir  outside  is  enlarged.  During 
the  deep  expiration,  provided  the  swelling  of  the  veins  be  not 
extreme,  the  v^enous  pulsation  is  increased  :   if  the  veins 
become  completely  distended,  pulsation  cannot,  does  not  take 
place  ;  the  constant  full  distension  does  not  admit  of  varia- 
tion.     The   venous   pulsation  is   readily   distinguished  in 
the  recumbent  posture  during  ordinary  inspiration.   Each  in- 
spiration lessens  the  quantity  of  blood  in  the  veins,  each 
expiration  increases  it ;  so  that  here,  in  the  act  of  respiration, 
we  have  a  cause  for  another  venous  pulsation  wave.  The  mere 
existence  of  jugular  pulsation  is  anything  but  an  indication 
of  disease,  either  in  the  pulmonary  valves  or  elsewhere.  In 
those  diseases  where  the  flow  of  blood  through  the  lungs  and 
heart  is  impeded,  the  jugular  veins  contain  more  blood,  and 
their  pulsations  are  more  visible  than  in  health  ;  but  where 
the  impediment  is  extreme  the  veins  are  in  a  state  of  constant 
distension,  and  no  pulsation  is  visible.    If,  on  the  other  hand, 
the  circulation  be  feeble  and  there  is  no  resistance  to  the 
emptying  of  the  venous  blood  into  the  heart,  then  the  veins 
contain  very  little  blood,  and  the  venous  pulsation  is  very 
slight,  scarcely  to  be  perceived. 

Diaphragvi,  Right  Side.—T\\^  diaphragm  on  the  right  side, 
bulged  up  by  the  liver,  usually  rises  into  the  chest  as  high  as 
the  fourth  intercostal  space  ;  (Diagrams  i  and  2 ;)  it  often 
reaches  up  to  the  fourth  rib  ;  (Diagrams  4  and  1 1  ;)  but  in 
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children  (Diagram  5)  it  only  attains  to  the  fifth.  When  the 
liv'er  is  very  greatly  enlarged,  the  diaphragm  bulges  still 
higher.  (Diagram  10,  where  the  upper  boundary  of  the  liver 
is  behind  the  third  rib.) 

Left  Side. — On  the  left  side,  the  diaphragm,  and  with  it 
the  stomach  and  spleen,  usually  rises  as  high  as  the  fifth  rib. 
(Diagrams  1,4,  and  11.)  Where  the  stomach  is  very  empty, 
as  in  Diagrams  2  and  8,  the  diaphragm  does  not  rise  so  high. 
The  central  tendon  of  the  diaphragm  is,  in  front,  usually 
behind  the  upper  portion  of  the  xiphoid  cartilage  ;  its 
posterior  and  upper  bound  is  generally  a  rib's  breadth  higher. 
Posteriorly,  the  upper  bound  of  the  diaphragm  is  immediately 
in  front  of  the  eighth  right  rib,  and  the  eighth  and  ninth 
left  ribs.  (Diagrams  6  and  7.)  The  position  of  the  base  of 
each  lung,  and  of  the  lower  surface  of  the  heart,  is  governed 
by  the  situation  of  the  diaphragm.  The  heart  rests  on  the 
inclined  slope  of  its  central  tendon,  and  each  lung  on  the 
convex  upper  surface  of  its  muscular  walls.  As  the  inferior 
margin  of  each  lung  is  from  two  to  three  ribs'  breadths  lower 
than  the  summit  of  the  diaphragmatic  bulge,  there  is  a  thin 
layer  of  lung  interposed  between  the  convex  surface  of  that 
bulge  and  the  costal  parietes,  extending  on  the  right  side  of 
the  chest,  from  the  sternum  to  the  vertebrae,  and  on  the  left 
side,  from  the  front  of  the  apex  of  the  heart  to  the  vertebrjE. 
As  the  lower  margins  of  the  lungs  descend  more  behind  than 
in  front,  there  is  a  greater  portion  of  thinned  lung  posteriorly 
than  anteriorly. 

The  upper  bound  of  the  liver  can  be  readily  ascertained, 
both  in  front  and  behind,  by  the  contrast  between  the  deep 
resonant  sound  of  the  lung  and  the  deep  dull  sound  of  the 
liver,  as  elicited  by  strong  deep  percussion.  (Diagram  L.  i.) 
On  percussing  strongly  on  the  left  side,  over  the  thin  layer  of 
lung,  the  hollow  sound  of  the  deeper  stomach  is  brought  out ; 
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this  Upper  boundary  of  the  stomach  cannot  be  ascertained  so 
accurately  as  that  of  the  liver  ;  but  the  general  bearings 
may  be  pretty  well  made  out,  especially  towards  the  posterior 
part  of  the  chest,  where  the  spleen  is  immediately  in  front  of 
the  thin  layer  of  lung,  and  where  deep  percussion  produces  a 
damped  sound.    As  there  is  not  so  great  a  mass  of  spleen  as 
of  liver,  and  as  the  hollow  resounding  stomach  is  imme- 
diately in  front  of  that  organ,  the  upper  bounds  of  the 
diaphragm  over  the  left  side  can  nowhere  be  ascertained 
with  the  same  accuracy  as  it  may  over  the  right.    As  the 
heart  occupies  a  great  portion  of  the  left  side  of  the  chest, 
that  deep  resonance,  which  strong  percussion  over  the  body 
of  the  right  lung  elicits,  cannot  be  so  fully  produced  over  the 
body  of  the  left.    The  lower  bounds  of  the  liver  are  by  no 
means  so  fixed  as  the  upper  ;  they  indeed  vary  exceedingly ; 
the  rise  of  the  lower  margin  of  the  liver  varies  much  in 
different  persons,  and  in  the  same  persons  at  different  periods. 
The  constantly  varying  distension  of  the  stomach  and  bowels 
alters  the  position  of  the  mass  of  the  liver.    The  stomach 
at  its  cardiac  and  pyloric  extremities,  and   the   liver,  are 
anatomically  united.    The  motions  of  one  organ  invariably 
affect  those  of  the  other.    When  the  stomach  is  moderately 
distended,  the  liver  extends  to  the  left  about  half  way 
between  the  xiphoid  cartilage  and  the  apex  of  the  heart. 
The  liver  extends  much  farther  to  the  left  in  children,  whose 
liver  is  always  relatively  large,  (Diagrams  4  and  6,)  and  in 
women,  whose  liver  is  pushed  to  the  left  and  downwards, 
through  the  influence  of  tight  lacing.    On  the  other  hand, 
when  the  stomach  is  empty,  as  in  Diagrams  2  and  21,  the 
liver  falls  over  into  the  space  that  was  previously  occupied  by 
the  stomach,  carrying  with  it  its  lower  and  left  margins. 
The  lower  margin  of  the  liver  (Diagram  i)  passes  from  its 
left  extremity  obliquely  downwards  to  the  lowest  edge  of  the 
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Diagram  7.— HEALTHY  THORACIC  ORGANS  (Posterior  View). 

Thomas  Moss,  aged  60,  Tatient  of  Dr.  Hutchinson  ;  Jaundice  and 

Diseased  Liver. 


I.  K\ght  lung;  i'.  Left  lung;  la.  Trachea.  2.  Left  ventricle;  2d.  Mitral 
valve  ;  2e.  Pulmonary  veins.  5.  Aorta.  6'.  Left  auricle.  7.  Liver.  8.  Stomach, 
9.  Spleen.    10-10.  kidneys. 

IVdg/itof  Orgam. — Heart,  12  ounces  ;  right  lung,  13  ditto  ;  left  lung,  12  ditto  ; 
liver,  60  ditto ;  spleen,  9^  ditto  ;  kidneys  each,  7  ditto. 

Liver  and  spleen  enlarged. 
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right  costal  cartilages  ;  this  right  extremity  of  the  lower 
margin  is  usually  in  adult  males  above,  in  women  and 
children  below  that  edge.  The  lower  margin  of  the  liver  is 
usually  from  two  to  four  inches  below  the  extremity  of  the 
sternum.  In  cases  of  enlarged  liver,  (Diagram  lo,  and  for  a 
posterior  view  Diagram  7,)  these  boundaries  extend  farther  to 
the  left  and  descend  lower  into  the  abdomen. 

Stomach. — The  position   of  the  outer  boundary  of  the 
greater  curvature  of  the  stomach  depends  upon  the  quantity 
of  gas  and  food  it  contains ;  it  is  sometimes  perfectly  empty, 
(Diagrams  2  and  21,)  when  the  outer  bound  is  some  inches 
from  the  outside  of  the  ribs;  in  some  it  is  moderately,  in 
others,  again,  enormously  distended,  (Diagram  i,)  where  it 
presses  against  the  ribs,  just  within  the  left  side.    The  lower 
bound  of  the  stomach  varies  with  its  own  distension,  and 
with  the  lower  bound  of  the  liver.    Where  the  liver  descends 
low,  (Diagrams  8,  10,  and  21,)  it  draws  down  with  it  tlie 
pyloric  extremity  of  the  stomach  and  the  lower  limb  of  the 
greater  curvature.    The   lesser   curvature  lies  immediately 
behind  the  liver;   the  cardiac  orifice  is  just   behind  the 
xiphoid  cartilage.    The  division  of  the  stomach  into  cardiac 
and  pyloric  portions,  by  an  hour-glass  contraction,  is  well 
shown  in  Diagrams  14,  20,  and  23.    The  pyloric  portion  of 
the  stomach  is  generally  found  empty :  a  curious  example  of 
this  is  presented  in  Diagram  15  ;  its  usual  state  is  shown  in 
Diagram  21,  and  many  others.    The  liver  at  its  lower  edge 
thins  off;  the  dull  sound  of  the  liver  and  the  resonance  of  the 
stomach  are  well  contrasted  ;  but  to  ascertain  the  precise 
bound  of  the  liver  the  percussion  must  be  very  light,  other- 
wise the  sound  will  pass  through  its  marginal  film  and  excite 
stomach  vibrations.    The  ease  with  which  stomach  i  vibra- 
tions are  excited  by  deep,  strong  percussion,  through  the 
thinned  marginal  part  of  the   liver,  affords  an  excellent 
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criterion  to  distinguish  the  lower  boundary  of  the  heart 
when  the  left  edge  of  the  liver  stretches  beyond  that  organ. 

The  upper  part  of  the  stomach  lies  behind  the  lower 
portion  and  apex  of  the  heart.  (Diagram  i,  &c.)  In  cases 
of  pyrosis,  heart-burn,  and  other  painful  affections  of  the 
stomach,  the  pain  is  usually  referred  to  the  heart. 

Influence  of  a  Full  Meal  on  the  Liver,  Heart,  and  Lungs,  in 
Dyspepsia. — In  many  persons  a  hearty  or  indigestible  meal  is 
soon  followed  by  pain  in  the  region  of  the  stomach,  a  sense 
of  prsecordial  weight,  palpitation,  and  dyspnoea.  The  pain, 
though  referred  to  the  heart,  is  seated  in  the  stomach,  which, 
being  greatly  distended,  presses  the  lower  surface  of  the  liver 
upwards  against  the  diaphragm,  compresses  the  whole  organ, 
and  doubtless  pushes  the  blood  from  the  hepatic  veins  into 
the  right  auricle.  At  the  same  time  that  the  heart  is  thus 
overcharged,  that  organ  is  itself  pressed  upwards,  along  with 
the  diaphragm,  by  the  stomach.  The  action  of  the  lungs 
is  likewise  interfered  with,  the  diaphragm  being  pushed  up 
and  its  descent  impeded.  Can  we  wonder  that,  in  these 
circumstances,  the  striving  of  the  heart  to  throw  off  its 
blood,  and  the  efforts  of  the  clogged  lungs  to  arterialize  the 
increased  quantity  of  blood,  should  give  rise  to  palpitation, 
and  to  difficult  and  hurried  breathing } 

Enlarged  Liver. — Persons  affected  with  enlarged  liver,  due 
either  to  temporary  engorgement  or  disease,  suffer  from 
praecordial  oppression  or  palpitation  when  they  lie  on  the 
left  side,  as  the  weight  of  the  liver  presses  directly  upon  the 
heart,  impedes  its  action,  and  rouses  it  to  unusual  efforts. 
(Diagram  lo.) 

Mutual  Adjustments  of  Liver  and  Stomach. — The  adjust- 
ments of  the  liver  and  stomach  are  so  nicely,  so  intricately 
dovetailed,  that  affection  in  one  organ  usually  involves  the 
other.    The  known  existence  of  enlarged  liver  ought  not  to 
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divert  our  attention  from,  but  direct  it  to,  the  state  of  the 
heart  and  lungs ;  for  although  diseases  in  those  organs  are 
but  rarely  the  result  of  affection  of  the  liver,  yet  hepatic 
enlargement  is  a  usual  attendant  on  diseases  of  the  heart 
and  lungs.  (Diagrams  i6  and  i8,  cases  of  phthisis;  15, 
bronchitis  ;  20,  23,  and  25,  diseased  heart.) 

Spleen. — The  spleen  is  immediately  behind  and  to  the  left 
of  the  upper  portion  of  the  greater  curvature  of  the  stomach, 
and  in  front  of  the  upper,  outer,  and  back  part  of  the  left 
hollow  of  the  diaphragm.  It  sometimes  rises  as  high  as  the 
upper  boundary  of  the  stomach;  (Diagrams  2,  16,  24,  and 
25  ;)  but  it  is  usually  from  half  a  rib  to  a  rib's  breadth  lower. 
(Diagrams  4,  5,  7,  and  17.)  The  upper  bound  is  usually 
behind  the  fifth  rib  or  fifth  intercostal  space,  and  in  front  of 
the  tenth  rib.  (For  posterior  views  see  Diagrams  7  and  13  ; 
and  for  a  lateral  view  see  Diagram  6.)  The  lower  boundary 
usually  lies  behind  the  seventh  rib,  if  the  organ  be  of 
moderate  size;  (Diagrams  2,  16,  and  24;)  but  where  it  is 
large  it  is  behind  or  even  below  the  lowest  edge  of  the  costal 
cartilages.  (Diagrams  4  and  18.)  The  inner  and  lower 
boundary  of  the  spleen  lies  in  front  of  the  upper  part  of  the 
left  kidney. 

Enlarged  Spleen. — In  enlargement  of  the  spleen  its  upper 
boundary  rises  so  as  to  encroach  on  the  heart  and  lungs. 
When  inflammation  affects  the  pericardium  over  the  central 
tendon,  and  the  pleura  over  the  left  bulge  of  the  diaphragm, 
it  usually  involves  the  peritonjEum  lining  the  under  side  of 
the  diaphragm,  and  that  investing  the  spleen.  When  the 
inflammation  ends  in  pericardial  and  pleuritic  adhesions  the 
spleen  is  usually  matted,  as  well  as  the  heart  and  lungs,  to 
the  diaphragm,  as  in  Diagrams  23  and  24.  The  upper 
portion  of  the  spleen  is  separated  from  the  walls  of  the  chest, 
posteriorly,  by  a  thin  portion  of  lung. 
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Perctission  over  the  Spleen. — Light  percussion  over  the 
upper  portion  of  the  spleen  brings  out  the  shallow  resonance 
of  the  superficial  lung,  while  firm  percussion  is  damped  and 
deadened  by  the  deeper  solid  spleen  ;  the  upper  boundary  of 
the  spleen,  which  can  be  thus  ascertained,  cannot  be  traced  so 
accurately  as  the  upper  boundary  of  the  liver,  as  vibrations 
are  easily  excited  in  the  stomach  and  alter  the  nature  of  the 
tone.  The  contrast  between  the  dulness  of  the  spleen  and 
the  resonance  of  the  stomach  renders  it  easy  to  define  the 
outer  border.  The  spleen,  like  the  liver,  is  compressed  by  the 
stomach  when  distended. 

Pancreas. — The  position  of  the  pancreas  is  shown  in  Dia- 
grams 15  and  16. 

Kidneys. — The  right  kidney  is  usually  about  half  a  rib's 
breadth  lower  than  the  left  (Diagrams  10,  13,  21,  &c.)  that 
kidney  being  pushed  downwards  by  the  liver.  Where  the 
spleen  is  enlarged,  or  the  lower  lobe  of  the  left  lung  is  affected 
with  pneumonia,  the  left  kidney  is  displaced  downwards,  and 
lies  as  low  as,  sometimes  lower  than,  the  right.  The  upper 
border  of  each  kidney  is  immediately  in  front  of  the  eleventh 
and  twelfth  ribs,  the  diaphragm  interposed,  being  behind  the 
liver  on  the  right  side,  the  spleen  on  the  left. 

Perciission  over  the  Kidneys. — The  upper  boundaries  of  the 
kidneys  cannot  be  ascertained  by  percussion,  as  they  lie  im- 
mediately behind  and  below  the  equally  solid  liver  and  spleen  ; 
(Diagrams  7  and  13)  ;  but  their  outer  and  lower  boundaries 
can  be  discovered  by  strong  deep  percussion,  as  the  dead 
sound  excited  over  the  kidney  is  well  contrasted  with  the 
hollow  sound  produced  over  the  adjoining  intestines. 

The  Intestines. — The  space  occupied  in  the  cavity  of  the 
abdomen  by  the  intestines  varies  exceedingly.  They  arc 
sometimes  shrivelled  up  into  a  mere  corner,  as  in  the  strangely 
emaciated  figure.  Diagram  8,  while  in  others  they  enormously 
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distend  the  abdomen  and  push  up  the  Hver,  spleen,  and  dia- 
phragm ;  in  some  the  colon  is  the  seat  of  this  distension 
(Diagrams  15  and  20);  in  others  the  small  intestines  (Dia- 
gram 19) ;  in  others,  again,  there  is  combined  distension  of 
stomach,  colon,  and  small  intestines  (Diagram  i). 

When  the  hitestines  are  empty  the  Diaphragm  is  low.  Where 

the  intestines  are  unusually  empty,  as  in  the  subject  repre- 
sented in  Diagram  8,  a  poor  woman,  in  whom  malignant 
disease  of  the  oesophagus  prevented  deglutition,  the  liver, 
spleen,  stomach,  kidneys,  and  diaphragm  are  all  unusually 
low;  and,  consequently,  the  bases  of  the  lungs  and  the  lower 
surface  of  the  heart  are  dragged  down. 

When  they  are  distended  the  Diaphragm  is  pushed  up. — In 
cases  of  abdominal  distension,  on  the  other  hand,  the  dia- 
phragm is  pushed  upwards,  and  the  lungs  and  heart,  resting 
on  it  as  on  a  floor,  are  necessarily  raised. 

Effusion  of  Air  into  the  Peritoneal  Cavity. — When  the 
bowel  is  perforated,  the  effusion  of  air  into  the  peritoneal 
cavity  causes  enormous  ballooning ;  the  liver,  stomach,  and 
diaphragm  are  pushed  up  to  a  very  great  extent ;  see  Dia- 
gram 9,  where  the  right  bulge  of  the  diaphragm  is  behind  the 
third,  the  left  behind  the  fourth  intercostal  space,  and  where 
the  lower  margin  of  the  right  lung  descends  but  little  below 
the  fourth  rib.  Contrast  this  with  Diagram  8,  where  the  per- 
fect vacuity  of  the  abdomen  has  so  drawn  down  the  diaphragm, 
that  its  right  bulge  is  almost  below  the  fifth  intercostal  space, 
its  left  is  behind  the  sixth  rib,  and  the  lower  margin  of  the 
right  lung  behind  the  sixth  intercostal  space. 

Ascites. — In  ascites  (Diagram  L.  3)  the  diaphragm  and, 
consequently,  the  base  of  the  lungs  and  lower  surface  of  the 
heart  are  pushed  up  to  a  greater  extent  than  in  effusion  of  air 
into  the  peritoneal  cavity,  the  effused  fluid  increases  slowly, 
and  the  diaphragm,  the  ribs,  the  parietes,  and  all  the  organs, 
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gradually  adapt  themselves  to  its  presence.  In  one  man, 
whose  abdomen  contained  several  gallons  of  fluid,  the  lower 
margin  of  the  right  lung  was  behind  the  fourth  rib  ;  after  the 
fluid  was  withdrawn  it  was  behind  the  fifth  intercostal  space. 
The  lower  bound  of  the  heart  descended  in  like  manner. 

Ovarian  Dropsy. — Ovarian  dropsy  occasions  a  similar  dis- 
placement upwards  of  the  diaphragm,  but  seldom  to  the  same 
extent. 

Pregnancy. — In  pregnancy  the  skin  of  the  lower  part  of  the 
abdomen  becomes  distended,  in  like  proportion  with  the  dis- 
tension of  the  gravid  uterus ;  the  enlarged  organ,  instead  of 
pushing  upwards  the  liver,  spleen,  stomach,  and  diaphragm, 
falls  forward,  displaces  the  skin,  and  permits  the  diaphragm  to 
retain  pretty  nearly  its  usual  elevation. 

T/ie  Circulation  and  Respiration  are  impeded  by  Abdominal 
Distension. — The  terrible  anxiety,  dyspnoea,  and  interruption 
to  the  circulation,  existing  in  cases  of  puerperal  peritonitis, 
effusion  of  air  or  fluid  into  the  abdomen,  or  of  great  distension 
of  the  intestines,  is  in  great  measure  due  to  the  thrusting 
upwards  of  the  circulating  and  breathing  apparatus,  and  to  the 
fixing  of  the  diaphragm,  which  is  thus  disabled  from  relieving 
those  organs.  In  tabid  children,  whose  intestines,  vastly  dis- 
tended, protrude  the  abdomen  on  all  sides,  push  up  the  dia- 
phragm, and  narrow  the  space  for  the  heart  and  lungs,  the 
dyspnoea  and  the  most  deadly  symptoms  are  owing,  not  so 
much  to  the  immediate  disease  in  the  abdomen,  as  to  the 
clogging  of  the  movements  of  the  heart  and  lungs,  due  to  that 
disease.  There  are  few  points  in  practical  medicine  of  more 
importance  than  this — to  remove  or  prevent  flatulent  disten- 
sion of  the  abdoinen. 
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Diagram  8.— DIAPHRAGM  AND  ORGANS  OF  CHEST  LOWERED  BY 
EMPTINESS  OF  STOMACH  AND  INTESTINES. 

Sarah  Skevington,  aged  6i,  Patient  of  Mr.  White;  Malignant 
Disease  of  CEsophagus,  preventing  Deglutition. 
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ON  RESPIRATION. 

On  Inspiration,  the  Chest  enlarges  at  every  point.— \n  the 
act  of  breathing,  the  cavity  of  the  chest  containing  the  lungs 
and  heart  is  everywhere  enlarged,  the  domed  roof  rises,  the 
bulo^ine  floor  descends  and  becomes  flatter  ;  and  the  walls  on 
all  sides  form  the  enlarging  boundaries  of  an  increasing  area. 
Every  arch  in  this  everywhere  arched  cavity  is  increased  in 
space.  Let  us  put  it  to  the  Wattses,  the  Brunels,  the  Ste- 
phensons,  the  masters  of  inventive  mechanism,  to  make  a 
cavity  with  solid  walls,  which  cavity  shall  in  every  point  be 
enlarged  or  lessened  at  once  and  at  will,  and  strain  their  facul- 
ties as  they  may,  they  will  be  foiled  ;  yes,  foiled  entirely, 
although  at  no  previous  time  in  the  world's  history  has  the 
invention  of  man  unfolded  so  rapidly  the  evergrowing  powers 
of  mechanism.  With  all  this  invention,  no  mechanism  of 
human  contrivance  is  equal  to  that  which  effects  respii'ation. 
The  steam-engine,  mighty  as  it  is  in  disembowelling  the  earth, 
emptying  lakes,  linking  the  world  into  one  country,  this  king- 
dom into  one  city,  and  eating  up  one  by  one  mechanical  arts 
that  once  gave  work  and  food  to  man,  still  its  cylinder  is  but 
a  simple  tube,  its  piston  has  a  straightforward  motion. 

But  let  us  lay  aside  the  works  of  man,  and  look  far  and 
wide  into  creation,  and  nowhere,  I  believe,  shall  we  find  such 
admirable  adjustment  as  in  the  breathing  machine.  It  has 
the  first  rank  amongst  the  first  order  of  constructed  things  ; 
creation  has  here  worked  out  a  scheme  no  less  than  life  itself. 
Arrest  the  play  of  breathing  and  the  blood  clogs  in  its  vessels, 
the  heart  ceases  to  beat,  feeling  is  no  more,  and  the  busy  brain 
is  at  rest  for  ever.  Insert  the  wourali  poison  into  the  flesh  of 
an  animal,  and  in  a  few  minutes  all  feeling  has  fled,  the  play 
of  the  lungs  has  ceased,  the  heart  is  about  to  beat  for  the  last 
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Diagram  9.— DIAPHRAGM  AND  ORGANS  OF  CHEST  RAISED  HY 
ABDOMINAL  DISTENSION,  FROM  EFFUSION  OF  AIR  INTO 
THE  PERITONEAL  CAVITY. 

Elizabeth  Hutchinson,  aged  i6,  Patient  of  Mr.  Wright  ;  Rupture 

OF  Appenuix  Vermiformis. 


I.  Right  lung  ;  i'.  Left  lung.  2.  Lower  boundary  of  pericardial  sac  ;  2'.  Yen 
tricles.  "3.  Right  auricle.  4.  Vena  cava.  5.  Aorta.  6.  Pulmonary  artery. 
7.  Liver.    8.  Stomach. 
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time.  Fill  those  lungs  with  the  air  we  breathe — fill  them 
again  and  again — the  heart  that  could  scarce  move  now  pours 
its  blood  through  its  vessels ;  go  on  with  this  artificial  breath- 
ing for  hours,  and  at  length  the  still  nostrils  dilate,  the  loose 
limbs  quiver,  the  dimmed  eyes  brighten,  the  animal  now 
breathes,  and  the  almost  dead  is  alive  again. 

As  life  hinges  on  breathing,  so  the  degree,  the  energy,  the 
vigour  of  life,  are  ruled  by  the  capacity,  the  vigour,  the  play 
of  the  breathing  apparatus.  The  savage,  powerful  lion  has 
lungs  capacious  and  free  playing ;  the  still,  grazing  cow, 
heavy  in  frame,  slow  in  movement,  has  lungs  small  in 
compass,  and  narrow  in  range  of  action.  The  free-born 
hunter  has  a  wiry  erect  frame,  a  firm  limb,  an  elastic  glisten- 
ing skin  ;  his  lungs  are  large,  their  play  varied  and  ample. 
The  cooped-up,  stooping,  pale  mechanic,  emaciated,  feeble,  of 
sickly  hue,  has  scanty  lungs,  which  are  easily  charged  to  the 
full ;  under  labour  he  soon  sinks  exhausted  and  breathless. 
The  strength,  vigour,  and  elasticity  of  man,  is  in  proportion 
to  the  extent  and  range  of  the  lungs.  Every  man  has  much 
more  lung  than  he  requires  in  the  quiet  pursuits  of  life  ;  he 
requires  less  when  he  lies  down,  sleeps,  or  is  depressed  ;  but 
more  when  he  walks,  runs,  wrestles,  or  is  roused  by  passion. 
The  lung  that  is  used  is  an  ever-varying  quantity.  Another 
perfection  in  this  mechanism  is,  that  just  as  much  lung  is 
used  as  the  listlessness  or  vigour  of  the  moment  requires ; 
there  is  every  range,  every  variety,  until  the  top  of  the  wind, 
the  top  of  the  speed,  is  reached. 

The  Lungs'  capacity  may  be  increased  by  Training. — The 
more  the  lungs  are  used,  the  more  is  their  capacity  nursed. 
The  man  that  under  one  training  is  the  feeble,  narrow-chested, 
sickly  mechanic,  is  under  another  the  active,  full-chested,  and 
healthy  sailor.  The  bloated,  ill-skinned,  short-winded  sot, 
may,  in  a  few  weeks,  be  changed  by  training  to  the  firm- 
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Diagram  io.— DIAPHRAGM  (RIGHT  BULGE)  AND  RIGHT  LUNG 
rUSHED  UP  BY  ABSCESS  IN  LIVER. 

William  Barlow,  aged  i6;  Hepatic  Abscess  following  Fever. 


2.  Ventricles.  3.  Right  auricle.  4.  Vena  cava.  5.  Aorta.  6.  Pulmonary 
artery.    7.  Liver.    8.  Stomach.    10-10.  Kidneys. 

IVeigAt  0/  Organs.— Heart,  7^  ounces;  right  lung,  l8i  ditto;  left  lung,  I7i 
ditto  ;  liver,  69  ditto,  besides  about  three  pints  of  pus ;  spleen,  64  ditto  ;  right 
kidney,  S  ditto  ;  left  kidney,  6  ditto. 
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fleshed,  clear-skinned,  long-winded  prize-fighter.  The  phy- 
sician has  within  his  compass  the  power  to  train  the  sickly 
and  short-breathed,  in  like  manner,  up  to  health  and  wind. 
This  change  is  efifected  by  the  development,  the  gradual 
nursing,  of  the  breathing  powers. 

The  heart  as  well  as  the  lungs  is  moved  by  each  motion  of 
the  chest ;  the  respiration  and  circulation  are  to  each  other 
essential  ;  they  are  one,  they  are  the  members  of  one  system  ; 
nurse  one  you  must  nurse  the  other  ;  in  giving  tone  and  health 
to  one  you  give  tone  and  health  to  both. 

Modes  of  exciting  Respiration  and  Circulation. — The  seat  of 
almost  all  the  feeling  nerves,  the  skin  ;  that  exciter  of  the  first 
act  of  breathing,  that  stimulator,  with  its  continuous  internal 
skin,  the  stomach,  to  all  the  following  acts,  is  the  great  mean 
through  which  the  physician  can  affect  the  lungs,  the  heart, 
the  life.  Free  exposure,  with  exertion,  stimulates  the  skin, 
enlarges  its  capillary  vessels,  either  by  a  direct  impression,  by 
a  reflected  action,  or  by  an  action  transmitted  from  the  mind  ; 
and  with  the  same  or  even  less  pumping  force,  the  heart  sends 
infinitely  more  blood  to  the  surface.  The  blood  circulates 
faster,  the  same  quantity  doing  more  work  ;  the  breathing  is 
quicker,  fuller,  excited  by  the  skin  through  a  reflected  action  ; 
the  circulation  active,  the  respiration  must  be  active;  if  one 
stops,  the  other  stops ;  if  one  is  torpid,  the  other  is  torpid ;  if 
one  is  energetic,  the  other  is  energetic. 

Of  depressing  Respiration  and  Circulation.  — Cold,  on  the 
other  hand,  when  the  frame  is  torpid,  contracts  the  skin  and 
its  capillary  vessels — they  become  shrivelled,  almost  bloodless. 
The  same  or  even  greater  pumping  force  from  the  heart  can- 
not send  a  tithe  of  blood  through  the  clogged  vessels ;  just  as 
loo  men,  with  all  their  force,  cannot  pump  so  much  water 
through  the  fire-engine's  hose  when  almost  tied  up,  as  ten  men 
with  moderate  labour  can  if  that  hose  be  wide  open.  The 


40  ON  CHANGES  IN  THE  SITUATION 

blood  circulating  in  less  quantity,  the  breathing  is  less  full,  the 
life  is  less  active. 

MECHANISM  AND  MOVEMENTS  EFFECTING  INSPIRATION. 
(DIAGRAMS  6,  II,  12,   13,  &  L.   I,  2.) 

The  First  Ribs  rise,  protrude  foiivards,  and  to  the  side. — 
The  sternal  ends  of  the  first  ribs  are  gradually  raised, 
during  the  whole  time  of  inspiration,  by  the  anterior 
scaleni  ;  at  the  same  time  the  posterior  scaleni  draw  up- 
wards the  outer  curves  of  these  ribs.  The  slant  of  the 
ribs  both  from  behind,  forwards,  and  from  the  centre  to  the 
outside,  is  lessened,  the  ribs  approach  more  to  a  right  angle, 
the  front  or  sternal  end  is  pushed  forward  and  lengthened, 
and  the  side  curves  are  increased  in  area. 

TJie  first  ribs  raise  and  push  forward  the  Sternum. — • 
The  first  ribs  being  fixed  to  the  sternum  by  a  scarcely 
yielding  cartilage,  the  raising  and  pushing  forward  of  the 
ends  of  the  first  ribs  raises  and  pushes  forward  the  sternum 
fixed  to  those  ends,  increases  the  distance  between  the 
sternum  and  the  vertebrae,  raises  the  outlet  of  the  chest, 
and  increases  the  area  of  that  outlet. 

The  Stermim  draws  after  it  all  the  fixed  Ribs. — When 
the  sternum  is  raised,  all  the  ribs  joined  to  it  and  those 
attached  to  the  sternal  ribs  are  necessarily  drawn  after  it 
and  raised  also. 

The  Second  Rib  rises  and  projects. — The  second  rib,  besides 
being  raised  at  its  sternal  end  by  the  sternum,  is  drawn 
upwards  by  the  levator  costce,  the  external  intercostal,  the 
scalenus  posticus,  and  the  serratus  posticus  superior.  The 
combined  action  of  these  muscles  raises  and  brings  nearer 
to  the  first  rib  the  outer  curve  and  the  sternal  end  of  the 
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second  rib,  lessens  its  obliquity  from  centre  to  side,  and 
from  behind  forward,  and  protrudes  its  outer  curve  and 
sternal  end.  The  external  intercostal  muscle  between  the 
first  and  second  costal  cartilages  raises  the  second  costal 
cartilaee,  increases  the  distance  of  its  costal  end  from  the 
sternum,  and  brings  the  whole  cartilage  nearer  the  first 
rib.  The  obtuse  angle  or  concave  curve  looking  upwards, 
formed  between  the  cartilage  and  rib,  becomes  a  straight  line. 
The  second  ribs  raise  and  push  forward  the  Sternum. — 
The  sternum,  in  addition  to  its  protrusion  and  elevation  by 
the  motion  of  the  first  ribs,  is  still  farther  pushed  forAvard 

I  and  raised,  at  the  junction  of  its  first  and  second  bones, 
by  the  forward  movement  of  the  sternal  end  of  the  second 
ribs  through  the  medium  of  their  cartilages.    The  cartilages 

(  yield  a  little  and  do  not  draw  forward  the  sternum  so  far 
as  they  are  pushed  forward. 

The  entire  area  of  the  chest  behind  the  sternum  and 

'  second  costal  cartilages,  and  within  the  second  ribs,  is 
increased. 

Third,  Foiirth,  and  Fifth  Ribs. — The  third,  fourth,  and 
fifth  ribs  are  moved  by  the  same  muscles,  less  the  scalenus, 
and  are  drawn  upwards  in  the  same  manner  as  the  second 
rib.  The  sternal  end  and  the  outer  curve  of  each  rib  are 
raised,  and  they  are  respectively  thrust  forward  and  outward. 
The  external  intercostals  raise  the  third,  fourth,  and  fifth 
•  ribs,  and  bring  them  nearer  to  each  other. 

The  upper  edge  of  each  rib  slides  backwards  in  relation 
to  the  lower  edge  of  the  rib  above,  after  the  fashion  of  the 
motion  of  the  parallel  ruler  blades  on  each  other.  These 
ribs  are  thus  moved  on  each  other  by  the  fibres  of  the 
external  intercostal  muscles  which  descend  obliquely  for- 
wards, and  on  their  contraction  bring  their  insertion  in  the 
lower  rib  more  nearly  under  their  origin  from  the  upper  rib. 
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Diagram  ii.— EFFECTS  OF  ARTIFICIAL  RESPIRATION  ON  THE 
POSITION  OF  THE  RIBS  AND  INTERNAL  ORGANS. 

Alfred  Duke,  aged  36,  Patient  of  Mr.  White  ;  Compound  Frac- 
ture OF  BOTH  Legs. 


I.  Inferior  margin  of  the  lungs  before  they  were  inflated  ;  \a.  Inferior  margin 
of  the  lungs  after  they  were  inflated  to  the  full.  7.  Position  of  the  liver  before  the 
lungs  were  inflated  ;  7<7.  Pofition  of  liver  after  the  lungs  were  inflated  ;  9.  Posi- 
tion of  stomach  before  the  lungs  were  inflated  ;  9a.  Position  of  stomach  after  the 
^ungs  were  inflated. 

The  pleural  scalenus  and  its  motion  on  inspiration  is  sho'\i'n  to  the  left  of  tha 
trachea. 
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Forivard  Movement  of  tJie  Cartilages. — The  cartilaginous 
portions  of  these  ribs  are  raised  and  brought  nearer  to  each 
other  by  the  contraction  of  the  sternal  and  intercartilaginous 
portions  of  the  deep  intercostal  muscles.  Their  angles  with 
the  sternum  become  less  obtuse,  their  curves  are  lessened, 
and  their  costal  ends  rise  and  become  more  distant  from 
the  sternum. 

The  cartilaginous  ends  of  the  ribs  raise  and  push  forward 
the  costal  ends  of  the  cartilages. 

The  sternum,  being  attached  to  the  cartilages,  is  drawn 
forward  by  their  combined  advance,  but  not  to  the  same 
extent  that  they  are  pushed  forward  ;  as  the  cartilages  yield, 
the  centre  becomes  more  prominent  than  either  their  sternal 
or  costal  ends.  The  prominence  thus  formed,  or  increased, 
at  each  side  of  the  sternum,  increases  the  space  for  the  lungs 
and  heart  behind  the  prominence. 

.  The  combined  action  of  the  five  superior  ribs  and  their 
cartilages,  and  the  sternum,  elevates  and  enlarges  the  dome 
of  the  chest,  and  expands  its  walls  forwards  and  at  the  sides. 

TJie  Stimmit  of  the  Lungs. — The  summit  of  each  lung  is 
expanded  forwards  and  to  the  sides  by  the  forward  move- 
ment of  the  scalenus  anticus,  by  the  lateral  outward  move- 
ment of  the  scalenus  posticus,  and  by  the  general  enlarge- 
ment of  the  area  of  the  brim  of  the  chest,  due  to  the 
movements  of  the  first  ribs.  The  costal  pleura  is  strength- 
ened by  a  tendinous  fascia,  formed  by  the  insertion  of  the 
pleural  scalenus,  which  fascia  is  attached  to  the  whole 
circuit  of  the  inner  edge  of  the  first  rib. 

Pleural  Scalenus. — By  the  contraction  of  the  pleural 
scalenus  the  fascia  is  raised,  and  along  with  it  the  pleura. 
In  the  subject  from  which  diagram  6  was  taken,  a  strong 
set  of  muscular  fibres  arose  from  the  inner  edge  of  the  first 
rib,  close  to  its  articulation,  passed  directly  forward,  became 
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tendinous  and  aponeurotic,  and  was  joined  by  the  tendinous 
aponeurosis  of  the  pleural  scalenus.  The  muscle  in  question 
may,  in  this  subject,  be  described  as  having  two  heads,  one 
of  which  arises  from  the  transverse  process  of  the  last 
cervical  vertebra,  and  the  other  from  the  first  rib.  The 
costal  head  renders  tense  the  pleural  fascia,  and  the  verte- 
bral head  raises  up  this  fascia  at  the  centre,  thus  giving  it 
a  funnel  shape. 

The  first,  second,  and  third  ribs  are  raised  by  muscles 
that  act  from  points  within  the  upper  edges  of  those  ribs ; 
the  inspiratory  contraction  of  those  muscles  renders  the 
obliquity  of  the  inner  surface  of  those  ribs  more  horizontal, 
thus  raising  and  amplifying  the  dome  of  the  chest.  The 
posterior  curves  of  the  ribs  just  spoken  of  move  forward, 
the  posterior  angle  of  the  fourth  rib  is  stationary,  whilst 
that  of  the  fifth  moves  backwards. 

Posteriorly,  the  first  five  ribs  recede  from  each  other ; 
laterally  they  are  stationary ;  and  anteriorly,  they,  as  well 
as  their  respective  costal  cartilages,  approach  each  other. 

T/ie  Upper  Lobes  of  the  Lungs  are  expanded  forwards, 
vptvards,  and  to  the  side. — The  general  effect  of  the  move- 
ments of  the  first,  second,  third,  fourth,  and  fifth  ribs  is, 
to  raise  the  sternum,  to  push  forward  the  costal  cartilages 
and  ribs,  to  remove  further  from  one  another  the  lateral 
concavity  formed  by  the  ribs  on  each  side,  and  to  draw 
forward  the  posterior  wall  of  the  deep  hollow  formed  by 
the  ribs  to  the  side  of  the  spinal  column.  The  cavity  is 
increased  at  every  point  upwards  and  forwards,  and  the 
superior  portions  of  the  lungs  are  expanded  in  these 
directions. 

Movements  of  the  Sixth,  Seventh,  and  Eighth  Ribs. — The 
sixth,  seventh,  and  eighth  ribs,  which  are  linked  together 
to  their  conjoint  costal  cartilages,  are  raised  by  the  levatores 
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Diagram  12 -EFFECTS  OF  ARTIFICIAL  RESPIRATION  ON  THE  POSITION  OF 
THE  RIBS  AND  INTERNAL  ORGANS. 

Mks.  Cross,  aged  about  5°,  Patient  of  Dr.  Hutchinson;  Hypertrophy  of  Heart- 

Anasarca. 


I.  Inferior  margin  of  lungs  they  were  inflated;  i<i.  Inferior  margin  of  lungs  <^/?^r  they 

were  inflated.  2.  Lower  border  of  the  heart  hffore  the  lungs  were  inflated  ;  2'.  Lower  border  of 
the  heart  after  the  lungs  were  inflated  ;  2^.  Pericardial  sac  after  being  artificially  distended  by 
26  oimces  of  water.  7.  Liver  /'if/iir^  the  lungs  were  inflated;  7'.  Liver  rt/V^rthe  lungs  were  in- 
flated.   8.  Stomach  he/ore  the  lungs  were  inflated  ;  8'.  Stomach  after  the  lungs  were  inflated. 

The  cotitinuous  lines  indicate  the  seat  and  form  of  the  ribs  before  the  lungs  were  inflated.  Th«; 
interrupted  lines  indicate  the  seat  of  the  ribs  after  the  lungs  were  inflated. 
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costarum,  by  the  fifth  external  intercostal  muscle,  and  by 
the  upward  movement  of  the  sternum.  The  posterior  angles 
of  these  ribs  are  drawn  backwards,  thus  increasing  the  deep 
hollow  of  the  chest  on  each  side  of  the  spinal  column  ;  the 
outer  curves  are  raised  and  pushed  outwards,  but  each  rib 
is  raised  and  pushed  outwards  less  than  that  above  it.  The 
cartilages  of  the  sixth  and  seventh  ribs  near  the  sternum 
do  not  project  so  far  as  those  of  the  superior  ribs  ;  the 
range  of  their  forward  movement  is  limited  by  the  lower 
extremity  of  the  sternum,  which  does  not  advance  so  much 
as  the  upper  portion  of  that  bone. 

This  limited  range  of  the  forward  motion  of  the  cartilages 
reacts  on  the  cartilaginous  extremity  of  the  sixth  rib,  the 
advance  of  which  is  much  less  than  that  of  the  seventh, 
and  less  still  than  that  of  the  eighth  rib.  The  movements 
of  the  latter  ribs  being  much  less  restrained  by  the  sternum, 
their  cartilages  advance  more 'than  those  of  any  of  the 
superior  ribs. 

The  restraining  influence  of  the  sternum,  with  the  pro- 
truding influence  of  the  sixth  and  seventh  ribs  upon  the 
conjoint  sixth  and  seventh  costal  cartilages,  produces  a  hollow 
Qv  depression  across  those  cartilages,  at  their  sternal  junction, 
.causes  them  to  protrud.e  near  their  costal  junction,  and  pro- 
duces a  slope  inwards  and  upwards  from  the  costal  to  the 
sternal  end  of  the  depression. 

The  sternal  portions  of  the  fifth  internal  intercostal 
muscles  raise  and  draw  outward  the  combined  sixth,  seventh, 
and  eighth  cartilages,  and  withdraw  the  inferior  and  opposed 
edges  of  those  cartilages  from  one  another,  thus  increasing 
the  angle  formed  between  them  just  below  and  to  the  side 
of  the  xiphoid  cartilage.  The  opposite  lower  edges  of  the 
sixth,  seventh,  and  eighth  costal  cartilages  are  withdrawn 
more;  the  further  they  are  from  the  sternum,  the  more 
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distant  they  are  from  the  axis  of  motion.  The  rounded 
cartilaginous  extremities  of  the  opposite  fifth,  sixth,  and 
seventh  intercostal  spaces  are  likewise  withdrawn  from  one 
another,  the  withdrawal  of  the  seventh  being  greater  than 
that  of  the  sixth,  which  is  again  greater  than  that  of  the 
fifth. 

The  upper  and  lower  edge  of  the  sixth,  seventh,  and 
eighth  ribs  slide  but  little  upon  each  other.  As  the  distance 
between  those  ribs  increases  there  can  be  no  action  of  the 
intercostal  muscles,  excepting  at  their  dorsal  portions. 

Ninth,  Tenth,  Eleve7ith,  and  Twelfth  Ribs. — The  ninth, 
tenth,  eleventh,  and  twelfth  ribs  are  raised  by  the  levatores 
costarum.  As  each  rib  is  moved  upwards  less  than  that 
above  it,  the  eleventh  and  twelfth  being  scarcely  elevated, 
the  distance  between  these  ribs  increases,  the  anterior  ex- 
tremities of  the  lower  ribs  are  less  raised  and  pushed  forward 
than  those  of  the  upper.  The  posterior  angles  of  those  ribs 
are  drawn  backwards,  and  their  cartilaginous  ends  outwards? 
by  the  serratus  posticus  inferior.  As  the  ninth  and  tenth 
ribs  are  attached  by  ligamentous  union  to  the  low.er  edge 
of  the  eighth  rib  and  to  each  other,  their  movements  are  con- 
trolled by  those  of  the  superior  ribs  ;  but  their  cartilaginous 
extremities  are  not  advanced,  and  their  outer  curves  are  not 
expanded  so  much  as  are  those  of  the  eighth  rib. 

Action  of  tJie  Seven  Lower  Ribs, — From  the  formation  and 
movement  of  the  seven  lower  ribs  the  lower  portions  of  both 
lungs  are  distended ;  in  front,  by  the  forward  movements  of 
the  costal  cartilages  ;  to  the  side,  by  the  increase  of  the  outer 
curves;  and  behind,  by  the  projection  backwards  of  the 
angles  of  the  ribs,  and  the  consequent  deepening  of  the 
hollow  at  the  side  of  the  vertebrae.  The  lowest  portion  of 
lung  is  behind,  and  is  expanded  by  the  movements  back- 
ward of  the  inferior  ribs. 
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It  follows  from  the  examination  of  the  change  effected  in 
the  costal  walls  of  the  chest  during  a  deep  inspiration,  that 
the  upper  portion  of  each  lung  is  expanded  above,  to  the 
side,  and  in  front,  while  the  inferior  portion  is  expanded 
below,  to  the  side,  and  behind. 

The  dorsal  vertebrje  project  backwards,  the  cervical 
vertebrae  are  lowered  and  move  forward,  the  hollow  in  front 
of  the  upper  dorsal  vertebrae  is  increased,  and  the  sternum 
and  spinal  column  become  more  distant. 

To  permit  a  free  expansion  up\vards  of  the  costal  walls, 
each  scapula  is  drawn  upwards  and  out  of  the  way  by  the 
levator  anguli  scapulae. 

Additional  Muscles  used  in  Deep  Inspiration. — In  effecting 
a  deep  inspiration  the  following  muscles  add  their  influence 
to  those  recited  above. 

The  sterno-cleido-mastoids,  their  fixed  points  being  lowered 
and  brought  forward,  contract  strongly,  and  draw  up  the 
sternum  and  the  sternal  end  of  the  clavicle.  In  addition,  the 
OS  hyoides  is  raised  by  the  genio-hyoid  and  digastricus.  The 
thyroid  cartilage  is  drawn  upwards  and  backwards  by  the 
thyro-hyoid.  The  omo-  and  sterno-hyoid  and  sterno^thyroid 
assist  in  raising  the  sternum  and  the  scapula. 

The  dilators  of  the  nostril,  the  separators  of  the  lips,  the 
depressors  and  movers  forwards  and  downwards  of  the 
tongue,  and  the  elevators  of  the  palate,  increase  the  inlets  of 
air,  and  convert  the  gorge  for  the  food  into  an  air  passage. 
The  head  and  upper  cervical  vertebras  advance.  The  occiput 
descends,  the  mouth  and  nostrils  are  raised,  and  the  air 
passages  are  straightened.  The  scapulae  are  raised  by  the 
upper  head  of  the  trapezius. 

Diaphragjn. — The  diaphragm,  the  bulging  floor  of  the 
thorax,  the  domed  roof  of  the  abdomen,  is  universally,  but 
unequally  lowered.     The  whole  circuit  of  its  attachment, 
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except  at  the  vertebra;,  is  enlarged  by  the  costal  expansion  ; 
it  superficial  area  is  consequently  increased. 

The  right  bulge,  being  the  highest  and  the  most  moveable, 
is  lowered  more  and  made  flatter  than  either  the  left  bulge 
or  the  central  portion. 

Muscular  contraction  first  flattens  the  bulge,  and  then 
draws  down  the  flattened  floor  in  its  whole  circuit.  During 
its  descent  the  web  of  the  muscle  leaves  the  costal  walls 
suddenly,  almost  at  right  angles,  so  that  the  form  of  the 
diaphragm  exactly  coincides  with  that  of  the  lowered  base  of 
the  lungs,  the  concavity  of  which  it  lessens.    The  descent  is 
nearly  equal  at  all  points ;  it  is  least  towards  the  spinal 
column.    On  a  deep  inspiration  the  diaphragm  draws  down 
the  right  lung,  so  that,  in  front  it  is  behind  the  lower  end 
of  the  xiphoid  cartilage  (Diagrams  ii,  12,  and  L.  i  and  2); 
to  the  sides,  it  is  within  the  costo-cartilaginous  junction  of 
the  eighth,  ninth,  and  tenth  ribs  (Diagrams  ii  and  6)  ;  and 
behind,  near  the  spinal  column,  it  is  in  front  of,  or  a  little 
below  the  lower  edge  of  the  twelfth  rib  (Diagram  13). 

Ofi  Inspiration  the  Liver  is  pushed  doivn  ajid  compressed. — 
The  diaphragm  pushes  the  liver  downwards  and  forwards, 
flattens  its  convex  upper  surface,  and  compresses  its  bulk 
between  itself  and  the  abdominal  muscles.  The  central 
tendon  of  the  diaphragm,  where  the  vena  cava  passes 
through  it,  gives  oft*  a  strong  sheath  of  tendinous  fibres, 
which  encircles  the  vein,  strengthens  its  walls,  and  connects 
it  by  continuity  of  structure  with  the  diaphragm.  As  this 
fibrous  sheath  extends  to  the  smaller  veins  in  the  body  of 
the  liver,  the  movements  of  the  diaphragm  do  not  drag  on 
that  organ  at  one  point,  but  difl'use  their  traction  through 
its  substance  by  a  continuation  of  its  tendinous  fibres.  The 
lower  edge  of  the  liver  descends  very  little,  as  is  indicated 
by  pcrcussif)n.    (Diagrams  L.  i  and  2.) 

vor..  T.  ,r 
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Diagram  13.— EFFECTS  OF  ARTIFICIAL  RESPIRATION  ON  THE 
POSITION  OF  THE  RIBS  AND  INTERNAL  ORGANS. 
Thomas  Malvern,  aged  31,  Patient  of  Dr.  J.  C.  Williams;  Phthisis 
— HEMOPTYSIS  ;  Lungs  Adherent. 


I.  Lower  margin  of  right  lung  before  it  was  inflated  ;  la.  Lower  margin 
of  right  lung  ajter  it  was  inflated ;  i'.  Left  lung.  16.  Trachea.  5.  Aoita. 
6.  Branches  of  pulmonary  artery.  7.  Liver.  9.  Spleen.  10.  Kidneys  :  strongly- 
marked  line,  btfore  ihe  right  lung  was  inflated  ;  faintly-dotted  line,  right  kidney, 
txjler  the  right  lung  was  inflated. 

The  continuous  lines  indicate  the  position  of  the  ribs  before  the  lungs  were 
inflated.  The  interru1>ted  lines  indicate  the  position  of  the  ribs  afier  lungs 
^Vl.■re  inflated. 
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As  the  expansion  of  the  chest  during  inspiration  expands 
the  cavities  of  the  heart,  a  greater  quantity  of  blood  is  then 
poured  out  of  the  veins  of  the  liver  into  the  right  auricle 
than  when  the  chest  is  contracted  and  the  cavities  of  the 
heart  are  lessened  by  expiration.  Indeed,  the  liver,  like  the 
veins  in  the  neck  and  thyroid  body,  serves  as  an  ever-varying 
reservoir  that  adapts  itself  to  the  ever-varying  capacity  of  the 
heart's  cavities,  that  enlarges  when  they  become  smaller,  and 
lessens  when  they  become  larger, 

Tlie  Enlarged  and  Hardened  Liver  pushes  np  the  Dia- 
phragm and  lessens  its  descent. — When  the  liver  is  greatly 
enlarged,  as  in  Diagram  lo,  it  pushes  up  the  diaphragm, 
impedes  its  descent,  and  lessens  the  extent  to  which  the 
lower  lobes  of  the  right  lung  may  be  expanded. 

If  the  liver  be  hard,  as  in  the  hobnail  disease;  or  un- 
yielding, as  from  abscesses,  hydatid  cysts,  or  malignant 
growths,  or  firm,  as  in  the  fatty  degeneration,  the  flattening 
of  the  right  bulge  of  the  diaphragm  is  impeded. 

Movements  of  the  Left  Bulge  of  the  Diaphragm  not  so  great 
as  those  of  Right. — The  left  bulge  is  not  so  much  flattened 
and  does  not  descend  so  far  as  the  right.  The  lower  edge 
of  the  left  lung  is  usually  lower  thah  that  of  the  right  ;  on  a 
deep  inspiration  the  right  is  nearly  as  low  as  the  left ;  con- 
sequently the  lower  edge  of  the  left  lung  does  not  descend 
so  much  as  that  of  the  right. 

Descent  of  the  Trachea. — The  bronchial  tubes,  the  trachea, 
and  larynx,  descend  during  inspiration.  The  inspiratory 
descent  of  the  larynx  may  be  seen.  In  the  subject  from 
which  Diagram  1 1  was  taken,  the  bronchial  tubes  and  trachea 
descended  when  the  lung  was  inflated. 

Descent  of  the  Central  Tendon  draws  down  the  Heart. — 
The  central  tendon  is  drawn  down  by  the  contraction  of 
the  muscular  fibres  all  round.    As  ti  e  right  and  left  bulges 
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descend  they  lower  the  central  tendon  on  each  side.  In  front 
it  is  lowered  and  brought  forward  by  the  muscular  fibres 
proceeding  upwards,  backwards,  and  inwards,  from  the  seventh 
and  eighth  costal  cartilages.  The  descent  of  the  diajohragm 
at  the  centre  is  not  so  great  as  at  the  sides  ;  but  in  front,  where 
it  is  behind  the  epigastrium  and  ribs,  and  where  it  can  be 
examined  during  life,  the  descent  of  the  central  tendon,  and 
consequently  of  the  heart,  is  nearly  if  not  quite  as  great  as 
the  descent  of  the  lower  edge  of  the  left  lung.  (Diagrams 
1 1,  12,  and  L.  i  and  2.) 

The  Fibrous  Pericardiiun  is  an  expansive  insertion  of  the 
Central  Tendon. — The  fibrous  aponeurosis  that  strengthens 
the  free  pericardium  is,  in  fact,  an  aponeurotic  expansion,  a 
webbed  fibrous  insertion  of  the  central  tendon  of  the 
diaphragm,  to  the  whole  circuit  of  which  it  is  attached. 
When  the  diaphragm  descends  it  stretches  and  draws  down 
its  aponeurotic  insertion,  the  fibrous  pericardium,  lengthening 
the  pericardial  cavity.  The  forward  movement  of  the  ster- 
num increases  the  space  between  the  sternum  and  vertebrae, 
and  expands  the  fibrous  walls  of  the  pericardial  sac.  The 
expansion  of  the  walls  of  the  chest  expands  the  lungs,  tends 
to  draw  them  away  from  the  pericardium,  and  thus  expands 
its  side  walls. 

The  Heart's  Cavities  are  Expanded. — The  expansion  of  the 
pericardial  fibrous  sac  causes  an  expansion  of  such  cavities 
of  the  heart  as  are  not  in  a  state  of  active  contraction ;  con- 
sequently these  cavities,  the  auricles,  and  the  ventricles, 
during  their  diastole,  contain  more  blood  during  an  inspira- 
tion than  during  an  expiration.  The  inspiratory  expansion 
of  the  walls  of  the  heart  resists,  in  some  measure,  the  contrac- 
tion of  the  ventricle,  and  takes  away  its  force.  The  arterial 
circulation  is  consequently  not  so  active,  the  pulse  is  not 
so  strong,  during  inspiration  as  during  expiration. 
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The  Heart's  Superficial  Dulness. — The  usual  extent  of  the 
space  where  the  heart  hes  just  behind  and  in  contact  with 
the  sternum  and  costal  cartilages,  which  space,  for  concise- 
ness, may  be  styled  the  region  of  the  heart's  superficial 
dulness,  is  seen  in  Diagrams  i,  2,  3,  4,  and  L.  i  and  2,  and  is 
described  above  at  page  8. 

The  combined  influence  of  the  advance  and  expansion  of 
the  walls  of  the  chest,  and  of  the  descent  and  extension  of 
the  diaphragm,  does  not  enlarge  and  draw  down  the  heart  so 
far  as  it  advances,  expands,  and  lowers  the  lungs  in  front  of 
the  heart.  The  space  of  the  heart's  dulness  is  shortened, 
narrowed,  and  brought  down.  (Diagrams  11,  12,  13,  and 
L.  I  and  2.) 

The  deepest  possible  inspiration,  even  in  emphysema,  never 
obliterates  the  region  of  the  heart's  dulness.  It  is  often 
seated  quite  below  the  sternum  and  behind  the  xiphoid 
cartilage,  the  epigastrium,  and  the  left  sixth,  seventh,  and 
eighth  costal  cartilages. 

Seat  of  Impulse  in  Repose. — The  heart's  impulse  in  the 
state  of  repose  is  felt  sometimes  between  the  fourth  and 
fifth,  and  sometimes  between  the  fifth  and  sixth  ribs. 
The  shock  of  the  apex  is  felt  lower  and  more  to  the  left 
than  the  impulse  of  the  right  ventricle,  being  generally 
below  or  just  to  the  right  of  the  nipple,  and  a  little  to 
the  left  of  the  region  of  the  heart's  superficial  dulness,  the 
thin  portion  of  lung  interposed  between  the  apex  and 
the  walls  of  the  chest  being  pushed  aside  by  the  systole. 
The  shock  at  the  apex  rises  very  firmly,  gives  a  lengthened 
blow,  and  falls  back  very  suddenly.  The  gentler,  slower* 
less  firm  impulse  of  the  right  ventricle  is  seldom  to  be  felt 
in  large-chested  persons  ;  but  in  those  with  moderate-sized 
or  narrow  chests  it  is  perceptible  over  the  fourth  or  fifth 
intercostal  space  from  the  point  of  the  apex  to  the  sternal 
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wall,  and  also  over  the  costal  cartilage  above  that  space,  and 
very  gently  over  the  space  above.  The  smaller  the  chest 
the  more  extensive  is  the  seat  of  the  heart's  impulse. 

On  a  Deep  Inspiratio7i,  the  Impulse  of  the  Heart  is  Lowered 
to  the  Epigastriiivt. — On  a  deep  inspiration,  and  in  emphy- 
sema, bronchitis,  and  those  diseases  where  the  heart  and 
lungs  are  dilated  and  lowered,  the  region  of  the  heart's  super- 
ficial dulness  is  lowered  and  narrowed,  and  the  dilated  lung 
is  further  interposed  between  the  apex  of  the  heart  and  the 
walls  of  the  chest.  The  seat  of  the  impulse  is  lowered  ;  it 
is  usually  felt  over  the  xiphoid  cartilage,  the  epigastrium, 
and  the  combined  cartilages  of  the  sixth  and  seventh  ribs. 

The  apex  of  the  heart  cannot  be  felt  through  the  thickened 
lung.  As  the  impulse  is  due  to  the  contraction  of  the  right 
ventricle,  it  is  slow,  heaving,  rises  gently,  gives  no  blow,  and 
falls  back  quickly,  but  not  abruptly.  The  impulsive,  loud, 
sharp,  clacking  noise  that  begins  the  systolic  sound  is  not 
now  heard  over  the  usual,  but  over  the  lowered  space  of  the 
heart's  dulness. 

The"  Hearts  Sounds  are  feebler  over  the  great  vessels. — 
The  lungs  between  the  great  vessels  and  the  upper  part  of 
the  right  ventricle  are  much  thickened  and  lowered;  conse- 
quently the  heart's  sounds,  especially  the  second  sound,  are 
much  fainter  over  the  upper  part  of  the  sternum. 

Inspiration  increases  tJie  Blood  in  the  Lungs  Ve>\sels  as  well 
as  the  Air  in  tjie  Air-Cells. — The  inspiratory  expansion  of  the 
chest  and  lungs  dilates  the  air-cells  and  expands  the  pul- 
monary blood-vessels.  While  more  air  is  drawn  into  the 
bronchial  tubes  and  air-cell?,  more  blood  can  be  and  is 
propelled  into  the  pulmonary  vessels. 

The  expansion  of  the  lung  assists  the  action  of  the  right 
ventricle  by  increasing  the  size,  the  area  of  the  pulmonary 
arteries,  capillaries,  and  vein.s.    This  assistance  more  than 
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counterbalances  the  opposition  offered  to  the  contraction  of 
the  right  ventricle  by  the  expansion  of  the  chest.  The  resist- 
ance to  be  overcome  is  diminished  much  more  than  the 
power  to  overcome  that  resistance  is  lessened. 

At  the  same  time  that  there  is  the  greatest  volume  of  air 
in  the  air-cells  there  is  the  greatest  quantity  of  blood  in  the 
lung's  capillary  vessels  to  be  arterialized  by  that  air,  and 
there  is  the  greatest  mass  of  blood  in  the  right  cavities  of  the 
heart  to  supply  those  vessels.  Those  reservoirs,  the  veins  of 
the  neck  and  thyroid  body,  the  liver  and  spleen,  that  collect 
the  blood  during  expiration  for  the  right  cavities,  contain 
during  inspiration  the  smallest  quantity  of  blood.  There  is 
then  the  smallest  amount  of  blood  sent  from  the  lung  into 
the  left  auricle  by  the  action  of  the  right  ventricle  ;  and  the 
blood  is  sent  with  the  least  force,  and  in  the  smallest  volume, 
from  the  left  ventricle  into  the  system. 

The  blood  is,  in  fact,  drawn  into  the  heart  and  detained 
in  the  vessels  of  the  lungs  in  the  greatest  quantity  while 
there  is  the  largest  volume  of  air  in  the  air-cells  to  act  on  that 
blood.  When  the  chemical  agent  is  most  abundant,  the 
chemical  action  most  vivid,  the  supply  of  material  to  be  acted 
on  is  greatest ;  when  the  fire  is  most  active,  the  fuel  is  most 
abundant. 

The  hispiratory  Descent  of  the  Heart. — The  heart  is  fixed 
in  its  relation  to  the  lungs  at  the  left  auricle  by  the  pul- 
monary veins;  as  the  lungs  descend  the  heart  descends  also. 
The  ventricles  and  right  auricle  are  further  lowered  by  the 
descent  of  the  central  tendon.  The  descent  of  the  heart 
lengthens  the  ascending  aorta,  gives  the  arch  of  the  aorta  a 
sharper  turn,  and  draws  down  the  innominata,  subclavians, 
and  carotids.  At  the  same  time  that  the  arteries  in  the 
neck  descend  the  sternum  ri.ses  ;  the  arteria  innominata, 
that  in  repose  ascends  from  half  an  inch  to  an  inch  above 
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the  sternum,  is  seated,  on  a  deep  inspiration,  behind  that 
bone. 

Before  tying  the  arteria  innominata,  the  subclavians,  or 
carotids,  it  will  be  well  to  restrain  the  full  expansion  of  the 
chest  by  a  roller  placed  round  its  costal  walls.  This  step  will 
retain  the  arteries  above  the  sternum,  and  prevent  the  air 
from  rushing  into  the  auricle  through  the  veins  when  that 
cavity  is  dilated  by  expansion  of  the  chest.  This  plan  dis- 
tends the  veins — a  slight  evil  compared  with  the  ill  effects 
averted  by  its  adoption. 

Contraction  of  the  DiapJiragm  tends  to  draiv  back  the  lower 
end  of  the  Sternum. — The  diaphragm,  when  it  lowers  the 
central  tendon  and  the  heart,  tends  to  draw  back  the  xiphoid 
cartilage  and  the  lower  edge  of  the  sternum ;  its  action 
counterbalances,  in  some  measure,  the  advance  of  the  ster- 
num occasioned  by  the  forward  movement  of  the  first  six 
ribs  and  their  cartilages.  In  children,  where  the  sternum  is 
very  flexible,  and  the  contraction  and  descent  of  the  dia- 
phragm are  great,  the  lower  end  of  the  sternum  and  the 
xiphoid  cartilage  are  drawn  backwards  on  deep  inspiration. 
In  the  aged,  on  the  other  hand,  where  the  xiphoid  and  costal 
cartilages  become  ossified,  and  form  with  the  sternum  one 
bony  framework,  the  lower  end  of  the  sternum  and  xiphoid 
cartilage  advance  more  than  the  upper  portion  ;  the  motion 
being  most  extensive  where  the  distance  from  the  axis  of 
motion  is  greatest. 

Descent  of  the  Diaphragm  lozvers  the  A  bdominal  Viscera. — 
The  diaphragm  on  its  descent  pushes  before  it  the  liver, 
spleen,  stomach,  pancreas,  and  upper  part  of  the  kidneys. 
The  forward  and  downward  motion  of  these  organs,  each  ot 
which  is  immediately  below  the  diaphragm,  displaces  the 
intestines  and  the  abdominal  parietes. 

The  abdominal  walls  advance  to  a  considerable  extent  on  a 
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Jeep  inspiration;  their  forward  motion  tells  accuiatoly  the 
extent  of  the  descent  of  the  diaphragm.  If  the  abdominal 
muscles  be  tense  and  stationary  during  inspiration,  the  dia- 
phragm is  motionless  ;  its  movements  being  prevented  either 
by  inflammation  of  the  diaphragm  itself,  of  the  lower  parts  ot 
the  lungs,  or  of  the  peritoneeum.  Whenever  motion  of  the 
diaphragm  tends  to  cause  suffering  or  to  increase  disease  by 
moving  inflamed  parts,  that  motion  ceases,  and  the  lungs  are 
dilated  by  the  increased  enlargement  of  the  upper  and 
anterior  part  of  the  chest. 

If  one  side  of  the  diaphragm  be  at  rest  while  the  other  side 
moves,  active  disease  of  the  lung  on  that  side,  or  of  the 
heart,  is  indicated. 

Tight  Lacing  impedes  the  Expansion  of  the  Lower  Lobes  of  the 
Lnngs. — Tight  lacing  around  the  lower  ribs  and  abdomen  in- 
terferes with  the  free  descent  of  the  diaphragm,  impedes  the 
expansion,  and  causes  permanent  narrowing  of  the  lower 
portion  of  the  chest,  brings  the  opposite  costal  cartilages 
below  the  sternum  near  each  other,  and  produces  an 
undue  development  of  the  upper  and  front  part  of  the  chest. 
(Diagram  L.  2.) 

In  fits  of  Hysteria,  the  Vocal  Chords  close  the  Larynx. — ■ 
In  fits  of  hysteria  the  vocal  chords  meet  and  vibrate  during 
inspiration  ;  the  cooing  noise  is  an  inspiratory  vocal  sound. 
(Ventriloquism.)  The  struggling  is  the  convulsive  attempt 
to  overcome  the  closure  of  the  vocal  chords  by  a  forcible 
inspiration.  The  inspiratory  muscles  act,  the  diaphragm 
is  lowered,  the  sternum,  ribs,  and  cartilages  fall  in,  and  the 
chest  is  narrowed. 

When  the  Larynx  is  much  narroived,  forced  Inspiration 
lowers  the  Diaphragm  and  depresses  its  Costal  Walls— 
the  larynx  is  narrowed  by  disease  but  little  air  is  admitted 
mto  the  chest  during  strong  inspiratory  efforts,  the  diaphragm 
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descends  to  an  unusual  extent,  the  sternum  and  costal  carti- 
lages fall  back,  the  ribs  are  lowered,  and  the  chest  is  narrowed. 

In  a  patient  sufifering  under  these  circumstances  and 
presenting  these  appearances,  laryngotomy  was  performed. 
Immediately  after  the  free  admission  of  air  to  the  lungs, 
the  sternum  and  cartilages  advanced,  the  chest  expanded, 
and  the  diaphragm  ascended. 

ON  EXPIRATION  AND  THE  MECHANISM  AND  MOVEMENTS 

EFFECTING  IT. 

Sternum,  and  zvith  it  the  Ribs,  lozver-ed. — The  recti  abdo- 
minis, the  antagonists  of  the  scaleni,  draw  down  the  sternum 
and  with  it  the  cartilages  and  ribs  connected  to  it.  The 
triangulares  sterni  lower  and  bring  nearer  to  the  sternum  and 
make  more  angular  the  junctions  of  the  second,  third,  fourth, 
fifth,  and  sixth  ribs  with  their  cartilages,  lower  the  projection 
of  the  cartilages  of  the  sternum,  and  narrow  the  capacity  of 
the  chest. 

The  transversales  abdominis,  which  are  virtually  continua- 
tions of  the  triangulares  sterni,  and  in  most  of  the  lower 
animals  combine  to  form  but  one  pair  of  muscles,  draw  the 
opposed  lower  edges  of  the  costal  cartilages  of  the  lowest  ribs 
near  to  each  other,  bring  forward  the  posterior  angles  of  the 
ribs,  thus  lessening  the  hollow  to  the  side  of  the  vertebra, 
narrow  the  lower  part  of  the  chest,  compress  the  whole  abdo- 
minal viscera,  and  force  them  upwards  against,  and  through 
their  medium,  elevate  the  diaphragm. 

The  triangulares  sterni  are  counter-agents  to  the  levatores 
costarum,  the  external  intercostals,  the  sternal  end  of  the 
internal  intercostals,  and  the  serratus  posticus  superior.  The 
transversales  counteract  the  diaphragm,  the  levatores  costarum, 
and  each  serratus  posticus  inferior. 
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The  external  oblique  draws  downwards,  inwards,  and 
backwards,  the  cartilaginous  ends  of  the  eight  inferior 
ribs. 

The  quadratus  lumborum  fixes  the  lowest  rib.  The  six 
inferior  intercostals  approach  each  higher  rib  to  the  lower. 

Forcible  Expiration. — On  a  forcible  expiration,  not  attended 
by  closure  of  the  vocal  chords,  in  addition  to  the  muscular 
actions  just  stated,  the  sacro-lumbalis  and  latissimus  dorsi 
draw  down  the  ribs  posteriorly.  The  scapulae  are  drawn  down- 
wards and  backwards  by  the  lower  fibres  of  the  trapezii  and 
the  latissimi  dorsi  and  rhomboidei.  The  serratus  magnus, 
acting  from  the  scapula  thus  fixed,  draws  downwards  and 
backwards  the  eight  superior  ribs. 

Violent  Expiratory  Efforts,  zvhen  the  Vocal  Chords  close  the 
Larynx. — In  coughing,  laughing,  the  violent  expiratory  fits  of 
epilepsy,  and  on  any  violent  act  of  exertion,  the  vocal  chords 
are  firmly  brought  together,  to  prevent  the  expulsion  of  air 
and  give  a  fixed  point  on  which  the  expiratory  muscles  may 
act  strongly. 

When  violent  expiratory  eff"orts  attempt  to  force  asunder 
the  closed  vocal  chords,  the  sternum  is  drawn  down  with  great 
violence  by  the  recti,  all  the  abdominal  muscles  act  strongly 
and  are  assisted  by  the  levatores  ani.  In  addition  to  the 
muscles  employed  during  forcible  expiration,  the  ribs  are  all 
lowered  and  brought  nearer  to  each  other  by  all  the  inter- 
costals, and  the  scapulae  are  lowered  by  the  greater  pectorals. 
The  arms  are  made  rigid  by  the  contraction  of  their 
muscles.  The  fasciae  of  the  neck  are  made  tense,  so  that 
they  may  support  the  swollen  veins,  by  the  platysma,  tlie 
sterno-cleido-mastoid,  the  sterno-hyoid,  and  thyro-  and  omo- 
hyoid. The  summit  of  the  lung  is  strengthened  and  supported 
by  the  scaleni.  As  soon  as  the  vocal  chords  separate,  all  the 
muscles  relax,  and  vocal  vibrations  are  elicited. 
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Vojniting.—ln  vomiting  the  vocal  chords  do  not  come 
together,  but  there  is  perfect  closure  of  the  larynx.  The  os 
hyoides  and  larynx  are  drawn  forcibly  forwards  and  upwards 
under  the  base  of  the  tongue.  The  pharynx  occupies  the 
usual  place  of  the  larynx,  and  the  expelled  food  slides  over 
the  back  of  the  pharyngeo-laryngeal  septum,  and  then  over 
the  under-surface  of  the  epiglottis.  The  forcible  pressure  of 
the  upper  edge  of  the  thyroid  cartilage  against  the  base  of 
the  tongue  and  os  hyoides,  gives  an  effectual  base  of  support 
for  the  violent  expulsive  exertion,  and  prevents  the  food  from 
slipping  into  the  upper  part  of  the  larynx. 

Li  Expiration  the  Lungs  and  Heart  are  compressed,  lessened, 
and  raised. — The  contraction  of  the  walls  of  the  chest  com- 
presses and  lessens  the  elevation  of  the  diaphragm,  and 
raises  the  lungs  and  heart.  The  heart  is  not  so  much  com- 
pressed and  lessened  as  are  the  lungs,  therefore  a  greater 
portion  of  that  organ  comes  in  contact  with  the  walls  of  the 
chest. 

Hearths  Superficial  Duhiess  and  Seat  of  Impulse  raised  and 
extended. — The  region  of  the  heart's  superficial  dulness  is 
raised  and  enlarged.  The  shock  of  the  apex  is  stronger, 
and  instead  of  being  felt  between  the  fourth,  fifth,  and  sixth 
ribs,  as  in  repose,  is  now  raised  to  the  space  above,  and  is 
felt  either  over  the  fourth  or  third  intercostal  space,  a  little  to 
the  right  of  the  nipple.  The  impulse  of  the  right  ventricle 
is  more  extensive  and  stronger,  and  is  usually  felt  over  the 
second,  third,  and  fourth  intercostal  spaces,  and  sometimes 
behind  the  sternum.  The  impulse  shock,  or  sharp  noise 
beginning  the  systole,  is  heard  over  a  higher  and  more 
extensive  surface. 

Heart's  Sounds  are  louder. — The  heart's  sounds  arc  heard 
more  loudly,  and  with  greater  clearness,  over  the  whole  chest, 
especially  over  the  great  vessels. 
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Action  of  Systemic  Ventricle  stronger;  it  sends  more  Blood 
into  the  system. — The  blood  that  had  been  accumulated  and 
arterialized  in  the  lungs  during  the  previous  inspiration  is 
sent  into  the  left  auricle  by  the  combined  influence  of  the 
systolic  contraction  of  the  right  ventricle  and  the  contraction 
of  the  walls  of  the  chest ;  the  thoracic  contraction  compresses 
the  lungs,  lessens  the  pulmonic  blood-vessels,  and  forces 
;  forward  the  blood  they  contain.  The  systolic  contraction  of 
'  the  left  ventricle  is  assisted  by  the  expiratory  compression 
from  the  sternum  and  costal  walls. 

The  blood  is  sent  from  the  left  auricle  into  the  passive  left 
ventricle  by  the  contraction  of  the  clastic  walls  of  the  pul- 
mony  artery,   which   had   been   previously  enlarged  and 
,  distended  by  the  action  of  the  right  ventricle. 

The  force  of  the  systole  of  the  left  ventricle  is  increased  by 
the  expiratory  contraction  of  the  chest.  The  blood  that  has 
been  arterialized  during  inspiration  is  sent  into  and  through 
the  system  with  increased  force  and  speed.  At  the  same 
time  that  the  contraction  of  the  chest  hinders  the  returned 
blood  from  distending  the  right  auricle,  that  blood  collects  in 
and  distends  the  veins  of  the  neck  and  thyroid  body  of  the 
liver  and  spleen. 

Less  Blood  is  received  into  the  Right  Auricle  and  Ventricle. 
— A  diminished  quantity  of  blood  is  sent  into  the  right 
auricle,  through  the  systemic  circulation,  by  the  contraction 
of  the  left  ventricle  ;  and  from  the  auricle  into  the  ventricle 
by  the  return  of  the  elastic  walls  of  the  arteries  to  their 
previous  size,  after  being  distended  by  the  systole  of  the  left 
ventricle. 

The  smallest  amount  of  blood  is  sent  by  the  right  ventricle 
into  the  blood-vessels  of  the  lungs  when  there  is  the  least 
quantity  of  air  in  the  air-cells  to  arterialize  that  blood. 

At  the  time  that  the  blood  is  sent  with  greater  force;  in 
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increased  quantity  through  the  system  it  is  sent  with  dimin- 
ished force  in  lessened  quantity  through  the  lungs. 

On  the  other  hand,  during  inspiration,  when  the  blood  is 
sent  with  increased  force  in  greater  quantity  through  the 
lungs,  it  is  sent  with  diminished  force  in  less  quantity  through 
the  system.  These  apparent  contradictions  reconcile  them- 
selves into  perfect  adjustment. 

The  greatest  quantity  of  blood  is  required  in  the  lungs' 
vessels  during  inspiration,  when  there  is  the  greatest  amount 
of  air  in  the  lungs'  air-cells  to  act  on  that  blood  ;  and  the 
greatest  quantity  of  arterialized  blood  is  required  in  the 
system  during  expiration,  when  the  energies  of  the  system 
are  greatest  and  its  muscular  exertions  most  powerful. 

Energetic  acts  performed  during  Expiration,  when  the 
Systemic  Circulation  is  most  active. — All  the  violent  acts  of 
exertion  are  performed  during  expiration,  as  lifting  weights, 
wrestling,  and  coughing.  The  more  energetic  the  exertion 
the  more  active  is  the  required  supply  of  arterialized  blood. 
Exactly  in  proportion  to  the  energy  of  the  exertion  is  the 
rate  of  breathing  and  of  circulation. 

The  same  person  that  reposing  in  bed  has  a  pulse  of  50  or  60 
and  breathes  15  or  16  times  in  a  minute,  has  when  running  a 
pulse  of  about  180,  and  breathes  about  50  times  in  a  minute  ; 
the  pulse  being  stronger,  the  breathing  fuller,  during  running 
than  in  repose. 

Fits  of  Epilepsy ;  violent  Expiratory  attempts  to  part  the 
Vocal  Chords. — In  the  fits  of  epilepsy,  when  the  vocal  chords 
come  together,  and  the  expiratory  muscles  struggle  with  terrific 
energy  and  in  vain  to  separate  them,  the  circulation  is  very 
much  more  energetic  at  first;  but  as  the  pressure  on  the  ven- 
tricles impedes  their  passive  expansion,  the  pulse  soon  becomes 
feeble,  almost  imperceptible ;  all  the  blood  seems  to  be  pressed 
out  of  the  system  and  lodged  in  the  skin,  so  turgid  are  its 
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veins  and  capillaries.  In  a  case  of  epilepsy,  immediately  after 
a  fit  the  respirations  varied  from  60  to  30  ;  the  pulse  was  at 
first  230  in  a  minute,  and  diminished  rapidly  to  120. 

PECULIARITIES   IN    THE   RESPIRATORY  MOVEMENTS  OF 

CHILDREN. 

In  children,  when  compared  with  adults,  the  costal  carti- 
lages and  sternum  are  very  flexible.  The  inferior  margins  of 
the  lungs  are  lower,  being  usually  behind  the  sixth  costal 
cartilage  or  sixth  intercostal  space  ;  the  liver  is  much  larger, 
and  the  stomach  and  bowels  are  more  distended  in  compa- 
rison with  the  size  of  the  lungs ;  (Diagram  5  ;)  consequently 
the  abdomen  is  more  protruding,  the  seventh,  eighth,  ninth, 
and  tenth  ribs  and  their  cartilages  project  more  to  the 
side,  and  the  epigastrium  and  xiphoid  cartilage  are  more 
prominent. 

The  abdomen  is  greatly  more  developed  than  the  chest ; 
consequently,  the  precise  lower  margin  of  the  lung  and 
upper  bound  of  the  liver  and  stomach,  where  they  lie  behind 
the  ribs  and  epigastrium,  are  very  apparent,  the  latter 
bulging  forward  suddenly,  while  the  former  generally  falls 
in  a  little  from  the  prominence  over  the  superior  costal 
cartilages. 

On  a  deep  inspiration  the  descent  of  the  diaphragm 
pushes  down  the  liver  and  stomach,  and  draws  the  lungs 
down  to  the  place  previously  occupied  by  those  organs.  The 
lungs  descend  to  the  seventh  rib  or  sixth  intercostal  space, 
and  the  chest  becomes  narrower,  after  which  the  compara- 
tively small  lungs  replace  the  more  bulky  liver  and  stomach. 
The  xiphoid  cartilage  and  the  seventh  and  eighth  ribs  fall 
in,  being  pressed  back  by  the  weight  of  the  atmosphere, 
and  the  edges  of  the  opposed  sixth  and  seventh  costal  carti- 
lages approach  each  other 
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RESPIRATORY  SOUNDS  HEARD  OVER  THE  TRACHEA 

AND  LUNGS. 

Laryngeal  Sounds. — During  ordinary  respiration  the  sounds 
generated  in  the  larynx  by  the  passage  of  the  air  between 
the  vocal  chords  are  smooth,  rather  loud,  and  somewhat 
hissing. 

The  sound  heard  on  inspiration  is  almost  identical  in 
character  with  that  heard  on  expiration,  but  is  a  shade 
sharper.  The  smaller  the  larynx,  the  quicker  the  breathing, 
the  sharper  and  louder  are  the  sounds  produced.  The  larger 
the  larynx,  the  slower  the  breathing,  the  softer  and  graver, — 
more  murmuring, — are  the  respiratory  sounds. 

In  children  whose  larynx  is  small  and  whose  breathing  is 
quick,  the  sound  is  sharp,  loud,  and  hissing ;  in  large- 
larynxed  men  it  is  faint,  soft,  and  murmuring.  The  deeper 
the  vocal  tones,  the  softer  and  graver  are  the  respiratory 
sounds  heard  in  the  larynx. 

Inspiratory  Sounds,  Extent  and  relative  Intensity. — The 
inspiratory  sound,  excited  in  the  larynx,  is  conducted  by  the 
trachea  and  bronchial  tubes,  and  is  carried  by  the  air,  in  the 
air-tubes,  to  the  surface  of  the  chest.  The  nearer  the  wall  is 
to  the  larynx,  or  to  a  large  bronchial  tube,  the  louder  is  the 
respiratory  sound,  the  more  alike  is  it  in  character  to  the 
laryngeal  respiration.  Over  the  upper  part  of  the  sternum 
to  each  side  of  it,  especially  to  the  right,  the  sound  is  rather 
loud,  but  is  softer,  less  continuous,  and  more  murmuring  than 
it  is  over  the  larynx.  Over  the  upper  front  of  the  chest, 
below  the  clavicles,  the  sound  is  gentle  murmuring;  over  the 
lower  part  of  the  front  of  the  chest  it  is  often  inaudible  and 
is  always  feeble ;  over  the  dorsum  the  sound  is  distinct,  soft, 
and  murmuring,  between  the  scapul.x  ;  it  is  somewhat  louder 
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on  the  right  side  than  on  the  left ;  below  the  scapula;  it  is 
very  faint  indeed. 

In  children  whose  laryngeal  sound  is  sharp  and  loud  and 
the  walls  of  whose  chest  are  nowhere  very  distant  from  the 
origin  of  the  sound,  the  respiratory  murmur  is  much  louder 
than  in  man;  it  is  in  fact  "puerile."  In  women  the  respira- 
tory murmur  is  fainter  than  in  children,  but  louder  than 
in  men. 

At  the  beginning  of  an  inspiration  the  respiratory  murmur 
is  louder  than  it  is  towards  the  end,  when  indeed  the  surface 
is  further  from  the  source  of  sound.  When  breathing  is 
quickened,  the  inspiratory  murmur  is  everywhere  louder ; 
and  the  sound  heard  over  the  lungs  is  nearly  as  loud  at  a 
distance  from,  as  it  is  near  to,  the  larynx. 

Expimiory  Sound. — The  expiratory  sound  is  almost  as 
loud  and  as  sharp  over  the  larynx  as  the  inspiratory ;  but  as 
the  current  of  air  carries  away  that  sound  from  the  lungs,  it 
is  only  conducted  to  them  by  the  solid  walls  of  the  trachea 
and  bronchial  tubes.  The  expiratory  sound  is,  in  conse- 
quence, very  faint  indeed  ;  in  the  adult  it  is  usually  only 
heard  in  the  neck,  and  to  the  right,  sometimes  to  the  left 
of  the  sternum  ;  also  to  the  right,  sometimes  to  the  left 
of  the  vertebrae  near  the  bases  of  the  scapulee. 

In  old  persons  the  expiratory  sound  is  scarcely  audible 
except  in  the  neck  ;  but  in  children  and,  to  a  less  extent,  in 
females,  it  is  louder  and  more  extensive  than  in  adult  males. 

On  breathing  quickly  the  expiratory  sound  is  heard  every- 
where, and  is  quite  as  loud  as  the  inspiratory. 

Laryngeal  Sounds  are  conducted  to  the  Surface  and  heard 
there  on  tranquil  breathing.  — 'Durmg  ordinary  inspiration  the 
inspiratory  murmur  is  doubtless  due  to  the  conduction  of  the 
laryngeal  sound,  and  not  to  a  new  sound  generated  in  the 
air-cells  :  else  would  the  inspiratory  murmur  be  loudest  where 
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the  air-cells  are  most  numerous ;  but  the  reverse  of  this 
is  the  case. 

In  tranquil  inspiration,  the  air,  as  it  advances,  occupies 
more  space,  moves  slower,  and  with  less  friction.  In  expira- 
tion, on  the  other  hand,  the  air  occupies,  as  it  advances,  a 
constantly  narrowing  space,  moves  quicker,  and  with  more 
friction — conditions  more  favourable  to  the  eliciting  of  sound  ; 
but  the  movement  of  the  air  is  so  slow,  especially  in  adults, 
that  no  sound  is  produced ;  and,  as  none  is  conducted, 
none  is  heard. 

Respiratory  Sounds  excited  in  the  tissue  of  the  Lung  during 
hurried  breathing. — When  the  breathing  is  hurried,  or  volun- 
tarily quickened,  the  inspired  air  generates  sound  by  friction 
against  the  sides  of  the  tubes,  small  and  large  ;  during  rapid 
expiration  sound  is  excited  in  like  manner,  but  as  the  air 
passes  from  a  larger  into  a  smaller  space,  it  is  often  a  shade 
louder  than  it  is  during  rapid  inspiration.  These  sounds  are 
heard  quite  as  loud  over  the  lower  and  more  distant  as  over 
the  upper  and  nearer  portion  of  the  lung. 


VOCAL  VIBRATIONS  AND  PECTORAL  RESONANCE. 

Vocal  Vibrations  in  the  Vocal  Chords  excite  Chest  Vibra- 
tions.— The  vibrations  of  the  vocal  chords  and  larynx  give 
rise  to  the  sound  that  is  moulded  by  the  mouth,  tongue, 
palate  and  lips,  into  speech.  These  vibrations  excite  others 
in  the  walls  of  the  trachea  and  the  bronchial  tubes,  and  in 
the  air  contained  in  those  passages  and  in  the  air-cells. 
Finally,  corresponding  vibrations  are  excited  in  the  surround- 
ing walls  of  the  chest  ;  so  that  when  the  hand  is  laid  on  the 
chest  of  a  person  speaking,  its  walls  are  felt  to  vibrate  in 
unison  with  the  vocal  sound.  m. 
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Pectoral  Resonance. — On  applying  the  ear  to  the  chest  the 
M-alls  resound.  The  voice  seems  to  spring  from  the  spot 
h'stened  to  ;  and,  indeed,  sound  is  there  produced  and  there 
heard.  The  sound  excited  in  the  vocal  chords  begets  the 
sound  heard  over  the  walls  of  the  chest. 

The  deeper,  the  graver,  the  more  sonorous  the  voice,  the 
larger  are  the  vocal  vibrations ;  the  more  readily,  too,  they 
excite  like  chest  vibrations. 

The  pectoral  vibrations  and  resonance  are  more  distinct 
and  louder  in  the  large-larynxed,  bass- voiced  man,  than  in 
the  small-larynxed  treble-voiced  woman. 

Loudest  over  tJie  upper  part  of  the  Chest,  and  when  there  is 
no  solid  organ  below  the  Lung. — The  pectoral  vibrations  and 
vocal  resonance  are  strongest  and  loudest  over  the  upper 
fore-part  of  the  chest,  and  wherever  the  mass  of  lung  is 
greatest,  wherever  there  is  most  room  for  the  play  of  the 
vibrations.  They  are  louder  and  more  universal  over  the 
front  of  the  right  than  of  the  left  side,  over  the  mass  of  the 
right  than  of  the  left  lung ;  indeed,  over  the  left  side,  the 
heart  quite  stops  these  vibrations  as  well  as  those  excited  by 
percussion.  The  liver  and  spleen  also  limit  the  seat  of  these 
vibrations ;  where  the  liver  and  spleen  bulge  up  the  dia- 
phragm, they  damp,  make  more  faint  and  less  perceptible,  the 
vocal  vibrations  excited  over  the  interposed  marginal  film  of 
lung.  The  resonance  is  equally  loud  over  the  whole  dorsum 
to  the  tenth  rib  ;  below  this  it  is  partially  deadened  by  the 
bulging  liver  and  spleen. 

Over  the  loiver  parts  of  the  Margin  of  the  Lungs  the  Resonance 
is  loudest  at  the  beginning  of  tlie  Expiration. — Over  the  lower 
part  of  the  chest  and  in  the  neighbourhood  of  the  heart  the 
pectoral  resonance  is  loudest  during  the  first  part  of  the 
vocal  expiration,  especially  if  that  expiration  be  preceded 
by  a  deep  inspiration.    Towards  the  end  of  the  expiration, 
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though  the  voice  be  still  as  loud  and  as  deep,  the  vocal 
resonance  becomes  feebler,  or  even  entirely  disappears. 

This  diminution  of  vocal  resonance  is  due  to  the  ascent  of 
the  diaphragm,  lungs,  and  abdominal  organs,  so  that  the 
surface,  behind  which  was  the  lung  conveying  the  vibrations, 
has  at  last  that  lung  replaced  by  the  liver,  the  heart,  or 
the  spleen,  checking  those  vibrations. 

In  one  case  the  vibrations  over  the  back  were  perceived 
lower  down  on  the  left  than  the  right  side,  due  I  suppose  to 
the  neighbouring  stomach.  In  another,  that  of  a  man  whose 
voice  was  very  sonorous,  whose  lungs  were  very  ample,  and 
the  framework  of  whose  chest  was  remarkably  strong,  the 
vocal  vibrations  were  heard  distinctly  over  the  whole  of  the 
costal  walls,  even  where  they  covered  the  solid  viscera. 

As  a  general  rule,  the  pectoral  vibrations  are  strong,  and 
the  vocal  resonance  is  loud,  where  the  sound  on  percussion 
is  clear  and  ringing. 

THE   FORM    OF   THE    SURFACE   OF    THE   BODY  INDICATES 
THE  SEAT  AND  OUTLINES  OF  THE  INTERNAL  ORGANS. 

The  modification  in  form  and  size  of  the  walls  of  the  chest 
modifies  the  size  and  alters  the  boundaries  of  the  lungs.  The 
solid  organs,  the  heart,  the  liver  and  spleen,  and  the  distended 
cavities,  the  stomach  and  intestines,  push  forwards  and  out- 
wards the  external  walls  of  the  chest  and  abdomen. 

The  more  ample  the  Chest,  the  larger  tlie  Lungs. — The  more 
the  cavity  of  the  chest  is  enlarged  by  the  extension  of  its 
walls,  the  larger  are  the  lungs  below  those  walls.  If  we  see 
that  the  walls  are  projecting,  rounded,  and  enlarged,  we  judge 
that  the  lung  is  expanded. 

Solid  and  distended  Viscera  project  the  Surface  over  them. — 
The  larger  the  heart,  liver,  and  spleen,  the  greater  the  dis- 
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tension  of  the  stomach  or  intestines,  the  further  forward  or 
outward  do  they  push  the  parietes  over  them.  The  more 
prominent  or  projecting  are  the  walls  superficial  to  any  one 
of  these  organs,  the  larger  or  more  distended  do  we  judge 
that  organ  to  be. 

We  have  here  an  eye  diagnosis  of  leading  value,  a  super- 
ficial index  pointing  to  the  organs  that  require  deeper  and 
closer  scrutiny  ;  a  method  of  telling  at  a  glance  the  outlines 
of  the  more  important  organs. 

CHILDREN.     (DIAGRAM  5.) 

Abdomen  much  distended ;  Chest  narrow  ;  lower  boundaries 
of  Lungs  and  Heart  readily  seen. — The  disproportion  between 
the  bulk  of  the  abdominal  and  thoracic  organs  is  greater  in 
children  than  in  those  grown  up  ;  and  in  children  it  is  that  the 
boundaries  of  these  organs  are  most  palpable.  We  have  but 
to  look  on  the  paintings  of  the  great  masters,  at  the  poised 
cherubs,  or  staggering  young  bacchanals,  and  we  shall  require 
no  anatomy  to  tell  us  where  ends  the  chest,  where  begins  the 
belly.  These  faithful  delineators  portray,  through  the  mould 
of  the  surface,  the  relative  place  and  bulk  of  the  inner  parts, 
as  accurately  as  they  do  the  muscular  development. 

Form  of  Sternum. — The  sternum  is  usually  most  prominent 
at  its  attachment  with  the  third,  fourth,  and  fifth  ribs,  where 
the  thymus  body  and  the  approaching  edges  of  lung  are  in 
front  of  the  great  vessels.  From  the  attachment  of  the  fifth 
cartilages,  the  sternum  usually  slopes  very  gently  to  its  lower 
end,  which  is  in  front  of  the  lower  margin  of  the  right  lung  and 
the  lower  bound  of  the  heart,  where  it  usually  falls  in  rather 
suddenly.  The  sternal  end  of  the  xiphoid  cartilage  partakes 
of  the  depression  of  the  sternum  ;  it  projects  forwards  to  its 
free  end,  being  raised  by  the  prominent  liver. 
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Form  of  the  Costal  Cartilages. — The  fourth  and  fifth  costal 
cartilages  are  usually  on  a  plane  ;  they  are  more  prominent 
than  the  rest  of  the  cartilages.  Below  the  fifth  cartilage 
there  is  a  slope  coinciding  with  the  slope  of  the  lung  on  the 
right  side,  of  the  heart  on  the  left.  This  slope  gives  place  to 
the  prominences,  formed  by  the  liver  and  the  stomach  over 
the  sixth  costal  cartilage,  if  the  lower  margins  of  the  right 
lung  and  heart  be  there. 

Depressions  over  the  lozver  Margin  of  the  Right  Lung  and 
lower  bound  of  the  Heart. — The  depressions  thus  formed 
between  the  slope  of  the  lungs  and  heart,  and  the  prominence 
of  the  liver  and  stomach,  extend  obliquely  upwards  and  in- 
wards, from  the  sixth  rib  across  the  cartilages  of  the  sixth 
and  seventh  ribs,  to  the  lower  end  of  the  sternum. 

Costal  Cartilages  more  prominent  than  the  Sternum. — As 
the  cartilages  of  the  ribs  are  pushed  forward  further  than 
they  draw  forward  the  sternum,  they  are,  especially  the 
third,  fourth,  fifth,  and  sixth,  more  prominent  than  that 
bone. 

The  bulges  forward  of  the  lungs  and  heart  coincide  with 
these  prominences;  that  over  the  lung  expands  the  lung  to 
fill  it  ;  but  that  over  the  heart  is  partially  protruded  by  that 
organ. 

Costal  Cartilages  over  the  Heart  more  prominent  than  those 
over  the  Right  Lung. — The  heart  and  the  bulge  over  the  heart 
are  a  shade  more  prominent  than  the  right  lung  and  the  pro- 
minence over  it.  The  lungs  and  heart,  and  the  cartilages 
over  them,  slope  respectively  inwards  to  the  centre  of  the 
sternum. 

The  Liver  and  Stomach  project  more  than  the  Lungs. — The 
liver  and  stomach  project  at  the  sides  more  than  the  lungs, 
push  forward  the  lower  costal  cartilages,  enlarging  the 
angle  formed  between  their  opposed  edges  below  the  sternum, 
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and  distend  the  abdomen  betweqn  the  eleventh  rib  and  the 
crest  of  the  ileum. 

Depression  over  the  inferior  bounds  of  the  Chest  Organs 
loiL'er  on  a  Deep  Inspiration. — It  has  been  before  expressed 
(p.  56)  that  the  depression  formed  at  the  lower  margin  of 
the  thoracic,  and  the  upper  bound  of  the  abdominal  organs, 
is  lowered  on  a  deep  inspiration.  The  xiphoid  cartilage  and 
the  sixth  and  seventh  costal  cartilages,  before  pushed  forwards 
by  the  liver,  then  fall  in, 

•  As  the  child  grows  older  the  disproportion  between  the 
thoracic  and  abdominal  viscera  becomes  less,  and  the  depres- 
sion indicating  their  boundaries  is  less  marked. 

At  the  age  of  eleven  or  twelve  the  upper  part  of  the  chest 
and  the  middle  of  the  abdomen  are  about  equally  prominent ; 
as  the  lungs  and  heart  slope  to  their  lower  margin,  and  as  the 
liver  and  stomach  project  from  their  upper  bound,  there  is 
a  marked  depression  over  those  boundaries. 

The  depression  goes  obliquely  upwards  across  the  conjoint 
sixth  and  seventh  costal  cartilages,  from  the  fifth  intercostal 
space  to  the  lower  end  of  the  sternum.  As  the  costal  carti- 
lages arc  more  prominent  than  the  sternum,  the  depression, 
as  it  crosses  those  cartilages,  slopes  inwards  to  the  sternal 
extremity. 

Prominences  of  the  Sternum  and  Costal  Cartilages. — The 
sternum  is  usually  most  prominent  at  its  junction  with  the 
fifth  costal  cartilages.  The  upper  extremity  of  the  second 
bone  of  the  sternum  and  the  second  costal  cartilages  are  on  a 
level.  The  lower  costal  cartilages,  down  to  the  fifth  succes- 
sively, project  more  than  the  sternum ;  a  sternal  hollow  is 
thus  formed,  which  is  deepest  where  the  costal  cartilages  are 
most  prominent. 

The  costal  cartilages  project  more  on  the  left  side,  over  the 
region  of  the  heart,  than  they  do  on  the  right  side,  over  the 


72  ON  CHANGES  IN  THE  SITUATION 

right  lung;  the  projection,  .too,  is  broader,  extending  from 
the  sternum  to  the  nipple,  on  the  left  side ;  while  on  the 
right  it  slopes  off  half  way  between  the  sternum  and  the 
nipple. 

Projection  of  the  Liver  and  Stomach. — The  sixth,  seventh, 
and  eighth  costal  cartilages  project  forward,  gradually  more 
and  more,  from  the  depression  downwards  ;  besides  their  for- 
ward and  outward  movement  due  to  the  action  of  their 
proper  muscles,  they  are  pushed  forwards  and  outwards  by 
the  liver  and  stomach.  The  degree  to  which  they  are  pro- 
truded depends  on,  and  is  an  index  to,  the  size  of  those 
organs.  As  the  liver  is  usually  larger  than  the  stomach,  these 
cartilages  are  generally  more  prominent  on  the  right  side  than 
on  the  left ;  but  if  the  stomach  be  distended,  as  it  is  after 
a  hearty  meal,  the  order  is  reversed,  and  they  project  more  on 
the  left  side  than  the  right. 

As  the  sixth,  seventh,  and  eighth  cartilages  are  pushed 
outwards  by  the  distending  action  of  the  liver  and  stomach, 
the  angle  formed  between  their  opposing  edges  below  the 
sternum  is  greater  than  it  is  in  the  adult,  in  whom  the  liver 
and  stomach  are  comparatively  smaller,  but  not  so  large 
as  in  the  infant,  in  "tvhom  those  organs  are  comparatively 
larger. 

The  lower  edge  of  the  liver  is  often  marked  by  a  slight 
ridge. 

The  liver  and  stomach  are  each  larger  at  the  side  than  the 
lung,  and  the  seat  of  each  is  pointed  out  by  a  gradual  swell 
or  bulge.  As  those  organs  do  not  now  descend  below  the 
lower  edges  of  the  costal  cartilages,  those  lower  edges  are  not 
prominent. 

The  cartilages  are  not  now  so  flexible  as  they  are  in  the 
child  ;  the  movement  of  each  cartilage  is  more  controlled  by 
the  movements  of  the  rest. 
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On  a  Deep  Inspiration  t/ie  Bulges  of  the  Chest  and  A  bdoinen 
advance  ;  the  intermediate  Depression  descends  ivith  the  lower 
edge  of  the  Lung. — On  a  deep  inspiration  the  prominences  of 
the  sternum  and  the  costal  cartilages,  and  the  abdominal 
protuberance,  respectively  advance.  The  lower  part  of  the 
sternum,  the  xiphoid  cartilage,  and  the  depression  indicating 
the  lower  boundaries  of  the  lungs  and  heart,  advance  so  little 
that  they  are  almost  stationary.  The  upper  part  of  the 
abdominal  prominence,  just  below  the  depression,  does  not 
advance  at  all — it  appears  to  recede  ;  the  depression,  indeed, 
becomes  lower  as  the  inferior  boundary  of  the  lungs  descends. 
This  descent  of  the  depression  with  the  lung  is  not  by  any 
means  so  well  marked  as  it  is  in  the  child. 

IN  ADULT  MEN.     (DIAGRAM  L.  I.) 

The  loiuer  bounds  of  the  Chest  Organs  are  higher  than  in 
children  or  boys. — The  chest  has  its  developed  and  perfect 
form.  The  lower  margins  of  the  lungs  and  the  lower  bounds 
of  the  heart  do  not  descend  so  low  as  in  the  child  or  boy  ; 
the  liver,  stomach,  and  spleen  rise  higher. 

The  Bulges  of  tJie  Sternum  and  Costal  Cartilages  are 
higher  and  fidler. — The  lungs  are  developed  upwards,  and 
the  chest  is  fuller  on  each  side  of  the  sternum.  The  sternum 
is  most  prominent  about  the  junction  of  the  fourth  costal 
cartilages ;  the  projection  is  most  sudden  at  the  articulation 
of  the  first  and  second  bones.  The  projection  at  each  side 
of  the  sternum  is  greatest  over  the  fourth  and  fifth  costal 
cartilages. 

Depression  betiveen  the  Sternum  and  the  Xiphoid  Cartilage. 
— The  sternum  below  its  prominence  is  nearly  vertical ;  it  has 
a  very  gentle  slope  to  the  xiphoid  cartilage  ;  this  cartilage 
usually  projects  a  little  at  the  tip  ;  a  depression  is  thus  made 
at  the  lower  edge  of  the  sternum,  corresponding  to  the 
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THE  LIVING  SUBJECT. 
Diagram  L.  i.— HEALTHY  ROBUST  ADULT  MALE. 
Solomon  Bowdler,  aged  28,  Labourer. 


2.  Lower  margins  of  the  lungs,  in  a  tranquil  state,  behind  the  fifth  intercostal 
space,  p.  9  ;  2<7.  Lower  margins  of  the  lungs,  on  deep  inspiration,  descend  to 
the  sixth  rib,  p.  49  ;  2/\  Lower  margins  of  the  lungs,  on  forcible  deep  expiration, 
ascend  to  the  lower  edge  of  the  fifth  rib,  p.  60.  3.  Heart's  superficial  dulnesj^,  in 
a  tranquil  state,  p.  8 ;  3a.  Heart's  superficial  dulness,  on  deep  inspiration,  is 
lowered  and  narrowed,  p.  53  ;  ^6.  Heart's  superficial  dulness,  on  forcible  expira- 
tion, is  raised  and  extended,  p.  60.  4'.  Boundaries  of  heart's  deep  seated  dulness, 
as  ascertained  by  deep,  strong  percussion,  p.  14;  4^.  Heart's  impulse  (indicated 
by  the  concentric  curves)  in  a  tranquil  state  ;  apex,  between  the  fifth  and  sixth 
ribs,  below  and  to  the  right  of  the  nipple,  p.  53  ;  4c.  Heart's  inipuL  e,  on  deep 
•inspiration,  very  slight  at  apex  ;  of  right  ventricle,  extensive  at  xiphoid  cartilage 
and  sixth  and  seventh  costal  cartilages,  p.  53  ;  4(/.  Heart's  impulse  on  strong 
expiration  ;  apex,  fourth  intercostal  space  ;  of  right  ventricle,  from  the  third  to 
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lower  margin  of  the  right  lung  and  the  lower  bound  of  the 
heart. 

Depression  over  the  lower  bound  of  the  Heart  and  Lung. — 
There  is  not  so  sudden  a  slope  below  the  prominence  of  the 
costal  cartilages,  and  the  liver  and  stomach  do  not  push  for- 
ward the  costal  cartilages  so  far  as  in  the  boy  ;  consequently, 
the  depressions  in  front  of,  and  corresponding  with,  the  lower 
bounds  of  the  heart  and  lungs  are  not  so  deep.  Each  depres- 
sion is  most  evident  where  it  crosses  the  sixth  and  seventh 
costal  cartilages,  obliquely  upwards,  from  the  fifth  intercostal 
space  to  the  sternum. 

The  Costal  Cartilages  are  protruded  by  the  Heart. — The 
costal  cartilages  over  the  heart  are  more  prominent  than  those 
over  the  corresponding  portion  of  the  right  lung.  In  the 
robust  and  large-chested  this  difference  is  not  so  marked  as 
it  is  in  the  narrow-chested.  In  the  latter,  a  greater  portion  of 
the  heart  is  in  contact  with,  and  protrudes,  the  costal  walls, 
than  in  the  former. 

The  liver  and  stomach  do  not  push  forwards  and  outwards 
the  edges  of  the  sixth,  seventh;  and  eighth  cartilages  so  far  as 
in  the  boy  ;  but  the  lungs  are  more  developed,  and  the 
increased  muscular  action  to  expand  the  lower  part  of  the 
chest  draws  outwards  and  pushes  forwards  these  cartilages 
to  an  extent  nearly  as  great  as  the  liver  and  stomach  displace 
them  in  the  boy.  The  opposed  edges  of  these  cartilages 
below  the  sternum  usually  form  a  right  angle  with  each  other, 

the  fifth  costal  cartilages,  p.  60.  5'.  Upper  deep  bound  of  the  liver,  pp.  24,  25  ; 
5.  Liver :  the  faint  line  near  the  xiphoid  cartilage  indicates  the  liver's  descent 
on  inspiration,  p.  49.  6.  Upper  deep  bound  of  the  stomach,  pp.  24-27,  28  ;  6'. 
Bound  of  the  stomach  behind  the  liver,  p.  28. 

The  shading  just  aliove  the  lower  bounds  of  the  right  lung  and  the  heart  indicates 
the  seat  of  the  respective  depressions  over  those  boundaries. 

The  figures  at  the  sides  denote  the  Measurements  on  each  side,  from  the  spine  to 
the  centre  in  front,  under  the  axilla,  over  the  lower  maroins  of  the  lungs,  and  over 
the  lowest  f.lge  of  the  ribs  and  their  cartilages. 
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The  mode  in  which  the  depression  across  the  sixth  and 
seventh  costal  cartilages  is  formed  by  the  restraint  put  by  the 
sternum  on  the  motions  of  the  sixth  costal  cartilage  is  stated 
above  (pp.  44-46). 

Lateral  Bulge  of  the  Liver,  Stomach,  and  Spleen. — The  liver, 
stomach,  and  spleen,  are  contained  within,  and  protected  by, 
the  lower  ribs  and  their  cartilages.  These  organs  have 
usually  the  same  lateral  bulges  as  the  lungs  in  the  adult,  and 
their  greatest  projections  are  just  below  the  lungs,  for  about 
two  ribs'  breadths.  The  lateral  prominences  over  the  lower 
margins  of  the  lungs  are  due  to  the  gradual  bulging  out  of 
the  liver,  stomach,  and  spleen.  Below  these  projections  the 
sides  slope  inwards  and  become  narrow. 

Form  of  the  Side  Walls  of  the  Chest  iji  the  Athletic. — The 
perfect  form  of  the  chest  in  an  athletic  person  is  well  shown 
in  diagram  11.  There  the  lateral  bulges  of  the  chest  are 
greatest  over  the  lower  edges  of  the  lungs,  and  the  upper 
boundaries  of  the  liver,  stomach,  and  spleen.  The  walls  gra- 
dually project  more  and  more  down  to  these  bulges,  and  slope 
inwards  more  and  more  below  them  to  the  eleventh  costal 
cartilage  ;  a  perfect  convex  curve,  a  complete  lateral  arch,  is 
formed  on  each  side. 

Form  of  the  Chest  in  the  Sedentary. — The  chest  of  the 
sedentary,  ill-fed,  badly-lodged  mechanic,  is  much  less 
developed  than  that  of  the  robust  farm-labourer.  In  the 
former,  the  chest  is  narrow,  the  sternum  and  costal  cartilages 
are  flat,  the  ribs  fall  in  on  the  sides  and  do  not  project  over 
the  lungs  ;  the  angle  between  the  opposed  sixth,  seventh, 
and  eighth  costal  cartilages  is  acute,  the  abdominal  viscera 
are  large  in  proportion  to  the  thoracic,  and  the  abdomen 
projects  :  the  diaphragm  descends  nearly  as  low  as  it  does  in 
the  robust. 

Form  of  the  Chest  in  the  Robust. — In  the  robust,  on  the 
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Other  hand,  the  chest  is  broad,  the  sternum  and  costal  carti- 
lages come  boldly  forward,  the  ribs  project  at  the  side  and  are 
rounded ;  the  angle  between  the  opposed  sixth,  seventh, 
and  eighth  cartilages  is  large.  The  abdominal  viscera  are 
small  in  proportion  to  the  thoracic ;  the  abdomen  is  spare, 
and  the  diaphragm  descends  a  little  lower  than  it  does  in 
the  sedentary  and  narrow-chested. 

Excessive  abdominal  distension  pushes  further  apart  the 
opposite  lower  ribs,  while  it  protrudes  the  belly,  pushes  up 
the  diaphragm,  and  thrusts  outwards  and  forwards  the  costal 
cartilages  of  the  sixth,  seventh,  and  eighth  ribs. 

In  the  formed  Adult  the  lozver  end  of  the  Sternum  advances 
farther  than  the  upper. — In  the  formed  adult,  where  the  bones 
are  consolidated,  and  the  cartilages  unyielding,  the  lower  end 
of  the  sternum  advances  during  inspiration  as  far  as,  nay 
farther  than,  the  upper. 

///  old  age  the  Costal  Walls  nearly  a  solid  bony  framework. — ■ 
The  costal  walls  of  the  old  man  form  one  solid  bony  frame- 
work ;  the  ossified  cartilages  yield  very  little,  and  the  move- 
ments of  the  ribs  on  each  other  are  very  slight. 

The  lungs  are  enlarged,  their  inferior  margins  are  lowered, 
the  lower  end  of  the  sternum  and  xiphoid  cartilage,  and  the 
costal  cartilages  of  the  sixth,  seventh,  and  eighth  ribs,  project. 

On  a  deep  inspiration  the  sternum  and  inferior  costal 
cartilages  of  this  scarcely  moveable  framework  advance  more 
and  more,  the  further  they  are  from  the  upper  part  of  the 
chest,  from  the  main  axis  of  motion. 

The  seat  of  the  depression  that  was  formed  in  youthful 

life  over  the  meeting  of  the  thoracic  and  abdominal  organs 

remains.    As  the  lower  margin  of  the  lung  and  lower  bound 

of  the  heart  descend  below  that  depression,  the  former,  and 

not  the  present,  seat  of  those  boundaries  is  really  indicated 
by  it. 
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IN  THE  FEMALE.      (DIAGRAM  L.  2.) 

Coittrast  of  the  Male  and  Female.— Tht  female  form,  that 
in  girlhood  so  closely  resembles  that  of  the  boy,  at  the  age  of 
puberty  rapidly  springs  forward  in  a  quite  different  develop- 
ment The  framework  of  man  gradually  becomes  more 
pronounced,  robust,  and  angular.  The  form  of  woman,  on 
the  other  hand,  becomes  rounded  and  sloping  ;  the  outline 
is  everywhere  softened  in  graceful  curves.  The  surface  is 
not  so  well  marked  with  the  stamp  of  the  inner  organs  as  in 
man  ;  but  though  the  sharp  outlines  of  those  organs  cannot 
be  seen  so  well,  their  general  features  are  perfectly  palpable. 

The  Female  form  is  modified  by  Tight-lacing. — It  is,  unfor- 
tunately, not  the  natural  female  form  that  we,  as  medical 
men,  have  to  examine,  but  that  beautiful  form  pressed  in 
here  and  thrust  out  there  by  the  habit  of  tight-lacing.  The 
connoisseur   and   the  physician   agree  that  the   form  of 
the  Medicean  Venus  is  perfect.    Compare  the  soft  sloping 
outline  of  that  figure  with  the  abrupt  angles,  the  sudden 
tightening  and  swelling  of  the  "  fine  figure  "  of  the  present 
day.    A  terrible  fashion  compels  women  to  distort  nature,  or 
be  branded  as  deformed.    Diagrams  9,  and  L.  2  and  13, 
exhibit  the  form  of  woman  moulded  by  tight-lacing ;  and 
Diagram  3  and  the  ancient  statuary  show  that  form  in  its 
natural  development.    In  the  latter  the  ribs  have  a  natural 
bulge  at  the  side,  and  slope  gradually  and  gracefully'to  the 
lower  ribs.    The  lower  lobes  of  the  lungs  are  permitted  to 
play,  the  liver  and  stomach  have  their  natural  form  and  seat. 
In  the  stay-moulded  female  the  compass  of  the   ribs  is 
positively  so  girt  that  it  is  the  narrowest  where  it  ought  to  be 
the  broadest.    The  opposed  lower  edges  of  the  sixth,  seventh, 
and  eighth  costal  cartilages,  below  the  sternum,  are  crowded 
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Diagram  L.  2.— HEALTHY  ADULT  FEMALE. 

Hannah  Cutler,  aged  33,  Servant,  Patient  of  Mr.  White  ; 
Varicose  Veins  of  the  Leg. 


2.  Lower  margins  of  the  lungs,  in  a  tranquil  state,  behind  the  fifth  intercostal 
space,  p.  9  ;  2a.  Lower  margins  of  the  lungs,  on  deep  inspiration,  descend  to  the 
sixth  rib,  p.  49.  3.  Heart's  superficial  dulness,  in  a  tranquil  state,  p.  8  ;  3^.  Heart's 
Superficial  dulness,  on  deep  inspiration,  lowered  and  narrowed,  p.  53.  4'.  Bound- 
aries of  the  heart's  deep-seated  dulness,  pp,  14,  i8.  5'.  Upper  deep  bound  of  the 
liver,  pp.  24,  25  ;  5.  Liver,  p.  49. 

The  shading  just  above  the  lower  bounds  of  the  right  lung  and  the  heart  indi- 
cates the  seat  of  the  respective  depressions  over  those  boundaries. 

The  figures  at  the  sides  denote  the  measuremenls  on  each  side,  from  the  spine 
to  the  centre  in  front,  under  the  axilla,  over  the  loiivr  viar^ins  of  the  lungs,  and 
over  the  lowest  edge  of  the  ribs  and  their  cartilages. 
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close  to  one  another,  and  during  inspiration  arc  not  allowed 
to  separate.  From  the  narrowest  part  the  costal  walls 
expand  outwards  to  the  lower  ribs,  so  as  to  be  actually 
the  broadest  where  they  ought  to  be  the  most  narrow. 

Effects  on  the  Lungs  and  Heart. — The  lower  lobes  of  the 
lung  are  not  allowed  to  expand  ;  the  descent  of  the 
diaphragm  is  interfered  with,  the  extension  of  its  floor  is 
absolutely  prevented.  The  expansion  of  the  lower  lobes  of 
the  lung  being  interrupted,  the  upper  lobes  are  unnaturally 
expanded  by  an  excessive  raising  of  the  first  and  second 
ribs  and  the  sternum.  The  upper  part  of  the  chest  projects 
rapidly  and  boldly,  and  the  modern  "fine  bust"  is  produced, 
so  different  from  that  graceful  slope,  the  impress  of  which  is 
left  us  as  a  legacy  by  the  masters  of  old,  who  moulded  from 
uncompressed  nature.  The  heart  is  not  allowed  its  free 
natural  play. 

Effects  on  the  Abdominal  Viscera. — The  liver  is  girt  round, 
so  that  it  often  has  an  hour-glass  contraction  ;  (Diagram  9  ; ) 
and  as  it  is  expelled  from  its  usual  seat  that  organ  is  thrust 
forwards  and  downwards,  so  that  a  very  large  portion  of  it 
is  below  the  costal  cartilages,  quite  unprotected  by  the  ribs, 
and  imperfectly  influenced  by  their  motions.  The  liver  and 
the  intestines  are  pushed  down  so  as  to  distend  the  abdomen, 
which  bulges  forwards,  and  swells  outwards  on  each  side 
below  the  ribs  instead  of  sloping  inwards.  The  stomach 
shares  with  the  liver  in  the  general  crushing  process. 

Effect  of  Tight- lacing  on  the  Health. — Can  we  wonder  that 
the  sex  suffers  from  shortness  of  breath,  palpitation,  indiges- 
tion, hysteria,  and  a  host  of  maladies,  that,  though  not 
immediately  fatal  to  life,  are  destructive  to  sound  health 

Between  the  ages  of  15  and  30,  the  very  time  that  tight- 
lacing  tells,  the  deaths  of  females  are  more,  by  13  per  cent., 
than  the  deaths  of  males.    Eight  per  cent,  more  females  than 
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males  die  of  consumption.  Is  not  the  habit  of  tight-lacing 
one  of  the  causes  of  this  excessive  mortality  ? 

An  illustrious  lady,  who  is  counselled  by  a  sensible 
medical  adviser,  now  rains  healthy  influence  on  the  domestic 
manners  of  the  day ;  may  we  not  hope  that  in  the  Princesses 
a  laudable  example  will  be  set  of  healthy  natural  training  ? 

Tight-lacing  does  not  altogether  obliterate  the  outline 
marks  on  the  surface  of  the  internal  organs  :  the  depression 
is  still  marked  over  the  lower  boundaries  of  the  lungs  and 
heart,  and  the  eye  can  usually  define  those  boundaries  ;  but 
by  no  means  with  the  precision  with  which  they  may  be 
observed  in  girlhood.  About  the  age  of  12  or  13  the  female 
figure  is  changed  by  lacing  ;  at  that  time  the  alteration  is 
very  rapid  ;  and  by  the  age  of  15  the  form  has  received  the 
current  stamp  of  the  day. 

Effects  of  Abdominal  Distension. — Abdominal  distension, 
from  whatever  cause,  while  it  thrusts  up  the  diaphragm,  and 
compresses  the  lungs  and  heart  upwards,  (see  pp.  32-3^,) 
modifies  the  form  of  the  whole  body. 

The  extreme  effect  of  distension  is  shown  in  Diagram  L.  3. 
The  diaphragm  is  pushed  up.  The  lower  ribs,  and  sixth, 
seventh,  and  eighth  costal  cartilages,  are  pushed  outwards  to 
a  great  extent.  The  angle  between  the  opposed  sixth, 
seventh,  and  eighth  ribs  is  greatly  increased,  being  very 
obtuse.  The  sixth  and  seventh  costal  cartilages  project 
forwards ;  and  there  is  a  depression  at  the  fifth  rib,  coinciding 
with  the  lower  boundaries  of  the  right  lung  and  the  heart 
and  the  upper  bound  of  abdominal  distension. 

The  depression  below  the  heart  is  lower  down  than,  and  is 

not  so  deep  as,  that  below  the  margin  of  the  right  lung.  The 

third,  fourth,  and  fifth  left  costal  cartilages  over  the  heart 

project   more,  and   their   projection    is  broader   than  the 
VOL.  L  C 
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Diagram  L.  3.— EXCESSIVE  ABDOMINAL  DISTENSION. 

Frederick  Green,  aged  43,  Patient  of  Dr.  Storer  ;  Disease  of 
Heart  and  Aortic  Valve  ;  Ascites. 


St 


2.  Lower  margins  of  the  lungs  pushed  up  by  abdominal  distension,  p.  32.  3. 
I J  earl's  superficial  dulness  ;  seat  of  impulse  shown  in  fourth  intercostal  space. 
4'.  Boundaries  of  the  heart's  deep-seated  dulness.  5'.  Upper  deep  boundary  of 
'he  liver  pushed  up  by  abdominal  distension.    5.  Liver. 

The  figures  at  the  side  denote  the  vieasttrements  on  each  side,  from  the  spine  to 

■  tea' re  in  front,  under  the  axilla,  over  the  Imver  margins  0/ the  lungs,  and  over 
ilii.  l(nue.\t  edge  of  the  ribs  and  their  cartilages. 

For  a  general  description  of  this  case  see  pp.  81,  83. 
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corresponding  cartilages  over  the  right  lung.  The  xiphoid 
cartilage  is  thrust  strongly  forward  ;  the  integuments  press 
up  on  each  side  of  it.  The  body  assumes  in  many  respects 
the  form  of  the  infant  or  child. 

This  illustration  affords  a  good  example  of  the  influence  of 
abdominal  distension  on  the  internal  organs  and  on  their 
outer  mould.  The  varieties  in  other  cases  are  more  in 
degree  than  in  character.^ 

Measurement  of  the  Chest. — The  positive  diameter  of  the 
chest  is  usually  greatest  over  the  lower  margins  of  the  lungs, 
which  margins  are  usually  pushed  out  by  the  liver  on  the 
right  side,  by  the  stomach  and  spleen  on  the  left.  The  liver 
is,  generally,  more  bulky  than  the  combined  stomach  and 
spleen  ;  the  base  of  the  right  lung  is  more  extended  than 
that  of  the  left.  The  measurement  from  the  sternum  to  the 
vertebrae  over  the  lower  margin  of  the  right  lung,  is,  in  the 
very  great  majority  of  persons,  greater  than  that  over  the 
lower  margin  of  the  left. 

Children  Abdominal  measurement  greater  than  Thoracic  ; 
right  and  left  side  eqjial. — In  children  the  abdominal  organs 
yield  to  the  pressure  of  each  other  in  every  direction,  and 

'  "  To  Dr.  Harrison  is  due  the  merit  not  only  of  having  pointed  out 
the  elevated  situation  of  the  liver  in  the  healthy  condition  of  the  chest, 
but  also  the  slight  but  perceptible  fulness  on  the  right  side,  caused  by  the 
presence  of  this  organ.  The  slight  depression  below  corresponds  to  the 
thii)  portion  of  the  right  lobe,  as  the  still  slighter  one  immediately  above 
does  to  the  passing  inwards  of  the  diaphragm  in  its  course  to  the  cordi- 
form  tendon."  ,  .  .  "These  irregularities  are  subject  to  modifications, 
partly  dependent  upon  the  natural  figure  of  the  chest,  and  partly  on 
modifying  causes  which  have  exerted  an  influence  upon  it.  Perhaps  the 
most  important  as  well  as  the  most  common  of  these  is  that  which  is  due 
to  the  forcible  compression  of  stays,  to  which  females  pertinaciously 
subject  themselves,  from  a  very  erroneous  notion  that  they  are  thereby 
improving  their  shape."— From  Dr.  Hodgkin's  MS.  Noles  for  tlw  Con- 
versazione at  St.  Thumas's  Hospital. 
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are,  in  comparison  with  the  thoracic  viscera,  much  developed. 
The  measurement  over  the  lower  margin  of  the  lung  (the 
two  sides  of  the  chest  seldom  differ)  is,  in  comparison  with 
that  round  the  chest  under  the  axilla,  greater  than  in  the 
adult ;  the  former  measurement  being  positively  larger  than 
the  latter,  notwithstanding  that  the  scapulae  and  pectoral 
muscles  are  included. 

The  measurement  round  the  abdomen,  near  the  lower  edge 
of  the  costal  cartilages,  is  even  greater  than  that  over  the 
lower  margins  of  the  lungs. 

The  relative  proportion  of  the  measurements  alters  as  the 
child  grows,  and  as  the  disproportion  between  the  size  of  the 
abdominal  and  thoracic  organs  diminishes.  About  the  age 
of  six,  the  measurement  over  the  axilla,  that  over  the  lower 
margin  of  the  lungs,  and  that  over  the  lowest  rib,  are  nearly 
equal  ;  there  is  very  little  difference  between  the  two  sides. 
About  the  age  of  ii  or  12  the  difference  of  sex  and  the 
habits  of  life  begin  to  tell. 

In  the  hoy  and  girl  the  Chest  meastirevicnt  is  greater  than 
the  Abdominal. — In  both  boy  and  girl  the  measurement  over 
the  lower  margin  of  the  right  lung  is  greater  than  it  is 
over  that  of  the  left ;  in  both,  too,  is  the  measurement  over 
the  lower  ribs  less  than  that  over  the  lower  margin  of  the 
lung  ;  and  this  measurement  is  again  less  than  that  below 
the  axilla.  In  the  boy,  especially  the  country  labourer,  the 
abdominal  measurement  is  much  smaller  than  the  middle 
thoracic. 

The  upper  and  lower  measurements  are  usually  equal  on 
each  side.  In. one  boy,  immediately  after  a  hearty  distending 
meal,  the  middle  measurement  of  the  chest  was  greater  on 
the  left  than  on  the  I'ight  side, 

Adnlt  Male. — In  the  full-grown  young  man  the  measure-; 
ment  over  the  lower  margin  of  the  right  lung  is  usually  half 
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an  inch  greater  than  it  is  over  that  of  the  left.  The  measure- 
ment over  the  scapulae  is  about  an  inch  longer  than  that  over 
the  base  of  the  lungs. 

Below  the  middle  measurement  the  costal  walls  slope  in  ; 
over  the  lowest  costal  cartilage  the  whole  girt  is  about  one- 
fifth  less  in  the  athletic  labourer,  and  one-tenth  less  in  the 
mechanic,  than  it  is  over  the  lower  margin  of  the  lung. 

Old  Age. — In  the  old  man  the  whole  framework  of  the 
chest  is  larger  and  the  abdomen  is  more  distended  than  in 
the  middle-aged. 

In  Women. — In  women  the  right  side  is  usually  the  largest ; 
the  abdominal  measurement  is  but  little  smaller  than  the 
middle  thoracic. 

DISEASES  OF  THE  LUNGS  WHERE  THE  BULK  OF  BOTH  LUNGS 

IS  ENLARGED. 

EMPHYSEMA.     (DIAGRAMS  1 4,  20,  L.  4.) 

This  is  emphatically  the  disease  in  which  there  is  a 
constant,  excessive,  deep  inspiration.  The  inspiration  is 
constantly  deeper  than  it  is  possible,  with  any  effort, 
for  a  healthy  man  to  take. 

Chafige  of  Structure.— AW  the  air-cells  arc  permanently 
enlarged  and  distended.  The  cells  forming  the  mass  of 
the  lung  are  simply  enlarged  ;  the  partitions  of  the  lobules 
usually  remain  entire.  The  areolar  or  cellular  tissue  occupy- 
ing each  lobule  becomes  coarser ;  the  webbed  partitions 
of  the  cells  being  more  extended,  the  thread-like  interlace- 
ments more  lengthened,  than  they  are  in  a  state  of  health. 

The  thin  margins  of  the  lungs  over  the  heart  and  great 
vessels,  and,  to  a  less  extent,  those  over  the  outer  circuit  of 
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Diagram  14.— EMPHYSEMA. 

Matthew  Hudson,  aged  44,  Patfent  of  Dr.  Hutchinson  ;  Enlarge- 
ment AND  Disease  of  Right  VENfRicLE;  Emphysema,  and  Ascites. 


I.  Right  lung;  i'.  Left  lung.  2a.  Right  ventricle  much  enlarged;  2b.  left 
ventricle.  3.  Right  auricle.  4.  Vena  cava.  5.  Aorta.  6.  Pulmonary  artery. 
7.  Liver.    8.  Stomach. 

The  diaphragm  is  abnormally  low,  the  lungs  and  heart  are  drawn  down,  and  the 
abdominal  organs  are  pushed  down  below  the  healthy  sites.  (See  pp.  88  and  89, 
92  and  93. 
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the  diaphragm,  become  thick  and  irregularly  rounded  in 
globular  bulges.  The  air-cells  are  excessively  and  un- 
equally enlarged  ;  the  interlobular  partitions  are  here  and 
there  perforated,  and  the  lobules  communicate  freely.  The 
webbed  structure  of  the  cells  disappears,  and  is  entirely 
replaced  by  a  lengthened  thread-like  interlacement ;  some 
of  the  interlobular  walls  are  engrossed  in  this  filamentous 
structure. 

Each  filament  consists  of  a  single  straight  capillary ; 
where  several  filaments  meet,  the  capillaries  form  a  net-like, 
sometimes  a  tortuous,  interlacement.  The  capillaries  on  the 
webbed  structure  are  usually  very  fine,  equal  in  size,  and 
reticular;  sometimes  they  are  of  unequal  size,  bulging,  and 
tortuous.  In  extreme  cases  the  interlobular  structure  is 
everywhere  perforated. 

The  outer  tissue  of  the  lung  is  usually  attenuated,  and  its 
whole  structure  dry,  pale,  and  bloodless.  Sometimes  the 
protruding  cells  have  their  pleural  wall  thick  and  fibrous  ;  in 
one  specimen,  (Diagram  14,)  the  walls  of  some  of  the  lobules 
were  entire,  and  partook  of  this  thickened  structure;  one 
lobule  was  closed,  and  contained  dark  fluid.  The  fibrous 
outer  walls  did  not  receive  injection,  though  the  minute 
capillaries  of  the  cellular  structure  did.  The  bronchial  tubes, 
near  the  emphysematous  structure,  were  excessively  and 
irregularly  dilated  ;  they  narrowed  and  became  very  fine 
where  they  opened  into  the  dilated  lobules,  the  openings, 
indeed,  could  not  easily  be  detected. 

Though  the  walls  of  the  lobules  be  perforated,  and  though 
the  cellular  structure  be  elongated  and  filamentous,  yet  no 
mark  of  laceration  is  ever  seen  in  "  lobular  emphysema."  The 
attenuation  and  disappearance  of  the  tissue  is  a  modification 
in  the  cell-life  and  vascularity  of  the  structure. 

The  above  observations,  so  far  as  they  go,  confirm  the  view 
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of  Dr.  Hodgkin,  that  emphysema  is  an  atrophous,  and  not, 
as  Andral  states,  a  hypertrophous  disease. 

Though  the  minute  structure  of  the  lung  is  dry,  and  con- 
tains less  blood  and  fewer  capillaries  than  in  the  healthy 
state,  I  have  found  the  pulmonary  artery  and  the  pulmonary 
veins  enlarged,  and  the  branches  of  the  pulmonary  vessels 
much  dilated  and  their  walls  attenuated. 

The  bronchial  tubes  are,  so  far  as  I  have  seen,  usually 
dilated.  Their  inner  walls  were,  in  the  subject  of  Diagram  14, 
thickened,  their  capillaries  were  reticular  and  large.  In  a 
specimen  from  Diagram  20,  the  capillaries  were  remarkably 
irregular  in  size,  forming  fine  tortuous  interlacements,  or 
papillary  elevations ;  here  there  was  existing  bronchitis.  In 
another  specimen,  where  the  cellular  dilatation  was  enormous, 
the  walls  of  the  much  and  irregularly  dilated  bronchial  tubes 
were  exceedingly  thin.  In  this  specimen  the  capillary  inter- 
lacements were  remarkably  fine,  the  inner  walls  of  many  of 
the  capillaries  gradually  approached,  rendering  the  tubes 
finer,  until  at  length  they  came  in  contact  and  obliterated 
the  vessels. 

The  communications  of  the  dilated  cells  with  the  bronchial 
tubes  are  very  small  in  comparison  with  the  size  of  the  cells  ; 
thisscircumstance,  and  the  dry  condition  of  the  lungs,  account, 
in  a  great  degree,  for  the  non-collapse  of  the  lungs  under 
atmospheric  pressure,  and  for  the  slowness  and  difficulty  of 
the  expiration. 

External  sigjis  of  Emphysema,  those  of  an  excessive  Inspira- 
tion.— Every  external  visible  sign  of  emphysema  is  an  ex- 
aggeration of  the  deepest  possible  inspiration.  Diagrams  14, 
15,  70,  and  L.  4.) 

The  tipper  part  of  the  Chest  is  expanded  and  rounded. — 
The  first   and   second   ribs   at   the  sternal  end,  and  the 
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sternum,  are  pushed  forward  and  raised.  The  outer  curves 
of  all  the  ribs  are  raised  and  protruded  at  the  sides.  The 
sternal  ends  of  the  upper  ribs  and  the  costal  cartilages  are 
drawn  up.  The  protuberances  in  front,  formed  by  them 
to  each  side  of  the  sternum,  go  boldly  forwards  ;  the  costal 
cartilages  are  nearly  all  at  right  angles  with  the  sternum,  and 
the  sternum  itself  protrudes  gradually  forwards  from  the 
upper  nearly  to  the  lower  end ;  there  it  usually  falls  in  ;  the 
free  end  of  the  xiphoid  cartilage  usually  juts  forward. 

The  A pex  of  the  Lung  is  not  so  far  above  the  Clavicle  as  in 
health. — The  summits  of  the  lungs  are  raised,  but  not  so 
much  as  the  clavicles ;  the  apex  of  the  lung  does  not,  con- 
sequently, rise  so  high  above  the  clavicle  as  it  does  in  the 
healthy  state.  The  whole  upper  part  of  the  chest  is  swelled 
out,  rounded,  and  projecting ;  the  upper  lobes  of  the  lungs 
are  everywhere  greatly  expanded. 

Dilatation  of  the  lower  part  of  the  Chest. — The  cartila- 
ginous ends  of  the  sixth,  seventh,  and  eighth  ribs  are  raised, 
their  cartilages  are  drawn  upwards,  and  the  angle  formed 
between  their  opposed  inferior  margins,  below  the  sternum,  is 
enlarged.  The  outer  curves  of  these,  and  of  the  ninth,  tenth, 
and  eleventh  ribs,  project,  but  not  so  far  as  do  those  of 
the  upper.  Each  of  the  lower  ribs  is  withdrawn  from  that 
below  it  ;  whereas  each  of  the  upper  ribs  approaches  that 
above  it.  The  posterior  angles  of  the  inferior  ribs  project 
backwards. 

The  Diaphragm  and  lower  Margins  of  the  Lungs. — The 
diaphragm  is  everywhere  very  much  lowered  and  flattened, 
the  lower  margins  of  the  lungs  being  in  front,  behind  the 
sixth  intercostal  space,  or  the  seventh  rib.  The  lower  inner 
front  margin  of  the  right  lung,  and  the  lower  bound  of  the 
heart,  are  drawn  down  by  the  diaphragm,  so  as  to  be  behind 
the  lower  end  of  the  xiphoid  cartilage ;    sometimes  these 
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boundaries  are  quite  below  that  cartilage.  To  the  side,  the 
lower  margins  of  the  lungs  slope  gradually  outwards  and 
downwards,  above  or  just  behind  the  junction  of  the  ribs  to 
their  cartilages;  at  the  back  they  are  just  below  the  lower 
edge  of  the  twelfth  rib. 

The  lungs  never  reach  these  extreme  limits  in  the  healthy 
person,  on  the  deepest  inspiration  ;  (Diagrams  L.  i  and  2  ;) 
and  they  can  scarcely  ever  be  reached  by  the  utmost  artificial 
distension  of  the  lung  in  the  dead  body.  (Diagrams  6,  1 1, 
12,  and  13.) 

The  thin  wedge  of  the  Ltmg  fronting  tlie  Heart  and  great 
Vessels  is  greatly  dilated. — As  the  outer  coats  of  the  lungs 
are  more  yielding  than  the  walls  of  the  heart,  the  lungs  are 
much  more  distended  than  the  heart.  As  the  walls  of  the 
chest  are  greatly  advanced,  the  thin  margins  of  the  lungs 
come  forward,  jut  in  between  the  front  walls  of  the  chest 
and  the  heart,  and  have  their  thin  v/edge-like  margins 
stretched,  thickened,  dragged  forward,  and  rounded  by  the 
ever-recurring  attempts  at  a  deep  inspiration,  and  by 
the  difficulty  of  escape  for  the  air  from  the  enlarged 
lobules  through  the  narrowed  bronchial  outlets,  during  an 
expiration. 

TJie  lozver  Margins  of  the  Lnngs  are  much  dilated ;  not  so 
much  as  the  Sternal. — The  excessive  lowering  and  flattening 
of  the  diaphragm  lowers,  brings  down,  and  enlarges  the 
whole  base  of  the  lungs,  and  everywhere  stretches  the  sub- 
stance of  the  lower  lobe ;  but  particularly  expands  their  thin 
lower  margins,  which  are  rendered  blunt  and  rounded,  like 
the  sternal  margin.  As  the  sternal  margin  of  the  lung  is 
thinner  and  more  film-like  than  the  lower  margin,  and  as  its 
expansion  is  greater  owing  to  the  excess  of  the  separation 
of  the  sternum  from  the  heart,  over  that  of  the  lower  ribs 
from  the  floor  of  the  diaphragm,  the  sternal  margin  of  each 
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lung  is  more  expanded,  rounded,  and  stretched,  than  the 
lower  margin. 

Space  of  Heart's  diilness  narrow,  and  below  the  Sternum. — 
The  crowding  in  of  the  lungs  in  front  of  the  heart  completely 
screens  that  organ  from  the  ribs  and  all  the  costal  cartilages, 
except  the  conjoined  sixth  and  seventh,  just  below  the  ster- 
num. The  only  portion  of  the  heart  that  touches  the  costal 
parietes  is  the  lower  part  of  the  right  ventricle,  which  is 
immediately  behind  the  right  side  of  the  xiphoid  cartilag": 
and  the  conjoined  sixth  and  seventh  costal  cartilages.  (Dia- 
grams 14  and  L.  4.)  In  the  most  extreme  cases  of  emphy- 
sema the  region  of  the  heart's  superficial  dulness  is  never 
obliterated.  If  there  be  no  disease  nor  excessive  enlarge- 
ment of  the  heart,  the  space  is  usually  two  inches  in  extent 
from  right  to  left,  and  one  inch  and  a  half  from  above 
downwards;  when  the  heart  is  very  large  the  region  of  its 
superficial  dulness  is  increased. 

Enlargement  and  Descent  of  the  Heart. — In  all  cases  of 
emphysema,  the  heart  is  enlarged,  and  its  right  cavities  are  dis- 
'tended.  The  expansion  of  the  chest  tends  to  enlarge  the  heart, 
and  the  resistance  to  the  flow  of  blood  through  the  lungs  has 
in  addition  a  reactive  dilating  power  on  the  right  cavities. 

The  descent  of  the  diaphragm  causes  the  descent  of  the 
lower  boundary  of  the  heart.  The  right  ventricle  is  drawn 
down  from  its  usual  place,  behind  the  lower  half  of  the 
sternum,  so  far,  that  it  is  behind  the  xiphoid  cartilage  and 
the  lowest  portion  of  the  sternum. 

Every  part  of  the  heart  is  necessarily  lowered  when  its 
right  ventricle  and  auricle  are  brought  down.  (Diagram  14.) 
The  pulmonic  and  aortic  valves  are  lowered,  so  that  the 
former  are  behind  the  fourth  left  costal  cartilage,  and  the 
latter  behind  the  sternum,  just  below  the  level  of  the 
former  valves.    The  pulmonary  artery  is  lengthened,  the 
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aorta  is  dragged  down,  the  turn  of  its  arch  is  sharpened, 
the  innominata  is  lowered,  and,  the  sternum  being  raised, 
is  entirely  within  the  chest,  behind  the  sternum,  and  quite 
out  of  the  surgeon's  reach. 

The  right  ventricle  being  more  enlarged  than  the  left,  its 
left  border  extends  outwards  almost  to  the  left  boundary  of 
the  heart,  as  in  Diagram  14,  where  the  apex  of  the  left  ven- 
tricle is  quite  masked  in  front  by  the  tip  of  the  right,  and 
where  a  very  small  portion  of  the  left  ventricle  is  seen  jutting 
to  the  outside  of  the  right. 

Descent  of  the  Abdominal  Org-a?ts,— -From  the  inspiratory 
flattening  of  the  diaphragm,  the  upper  bulges  of  the  liver, 
stomach,  and  spleen,  are  more  depressed,  in  proportion,  than 
the  lower  margin  of  the  lungs.  (See  Diagrams  14  and  L.  4^ 
where  the  liver's  summit  is  behind  the  fifth  instead  of  the 
third  intercostal  space.) 

The  left  extremity  of  the  liver  extends  far  to  the  left,  the 
lower  border  is  remarkably  low,  both  below  the  xiphoid 
cartilage  and  at  the  right  side  below  the  eleventh  rib.  (Dia- 
grams 14  and  L.  i).  This  unusual  lowness  of  margin  exists 
often  where  the  liver  is  not  enlarged  (Diagram  14),  as  the 
lower  border  necessarily  partakes  of  the  displacement  down- 
wards of  the  whole  organ.  The  liver,  stomach,  spleen,  pan- 
creas, kidneys,  and  intestines,  are  all  unusually  low,  being 
pushed  downwards  by  the  diaphragm.  The  abdomen  is  more 
distended,  even  relatively  to  the  amplified  chest,  than  it  is  in 
health. 

In  Tight-laced  Females  the  lower  Lobes  of  t lie  Lungs  are  not 
much  dilated ;  and  do  not  descend  much. — When  emphysema 
affects  the  female,  the  long-continued  constriction  of  the 
lower  lobes  of  the  lungs,  effected  by  t  ight-lacing,  prevents 
those  lobes  from  being  so  much  enlarged  by  the  affection  as 
the  upper.    The  diaphragm,  the  lower  margin  of  the  lungs, 
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and  the  heart,  do  not  descend  so  low  in  the  female  as  they  do 
in  the  male  patient. 

Upper  Lobes  necessarily  developed. — The  upper  lobes  of  the 
lungs  and  the  upper  part  of  the  chest  are,  on  the  other  hand, 
more  developed  in  the  female  than  in  the  male. 

In  the  subject  of  Diagram  14,  the  abdomen  was  unusuall)'- 
distended  by  the  effusion  of  serum,  and  by  intestinal  disten- 
sion. The  descent  of  the  diaphragm  was  therefore  not  so 
great  as  it  was  before  it  was  pushed  up  by  that  distension. 
From  the  same  cause  the  full  expansion  of  the  chest  has  been 
prevented.  The  ribs  are  not  raised  so  far  as  they  usually  are 
in  emphysema.  (See  Diagrams  15  and  L.  4  for  the  customary 
position  of  the  ribs.) 

Forvi  of  the  Surface. — As  the  fourth,  fifth,  and  sixth  left 
costal  cartilages  are  quite  in  advance  of  the  heart,  the  lung 
being  interposed,  those  cartilages  are  scarcely  more  pro- 
minent than  their  fellows  on  the  right  side.  The  little 
difference  that  exists  is  due  to  the  unobliterated  impression 
of  the  heart,  made  during  the  previous  healthy  life. 

The  liver  too  is  completely  thrust  down  below  the  lungs, 
which  are  themselves  expanded,  so  that  each  lung  exceeds 
the  bulk  of  either  the  liver  or  the  stomach.  There  is  no 
lateral  liver  or  stomach  bulge.  The  stamp  of  the  old 
depression  frequently  still  remains  ;  but  it  is  of  course  far 
cibove  the  present  lower  margins  of  the  lungs  or  heart.  This 
almost  worn-out  impression  tells  where  the  lower  boundaries 
of  the  lungs  and  heart  were  in  health,  and  affords  us  a 
measure  of  the  extent  to  which  disease  has  brought  down 
these  boundaries. 

In  some  persons  there  is  a  new  and  very  slight  depression 
formed  over  the  lowered  inferior  bounds  of  the  lungs  and 
heart. 

Measurement.— right  and  left  sides  are  almost  always 
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Diagram  L.  4.— EMPHYSEMA. 
Benjamin  Lowe,  Labourer,  aged  40,  Patient  of  Dr.  Hutchinson. 


Comparison  with  Heallh.  — The  sternum,  clavicles,  and  ribs,  and  their  cartilages, 
are  all  raised,  pp.  88,  89.  The  whole  chest  is  amplified,  pp.  88,  89.  The  dia- 
phragm, 2,  5',  6',  is  two  ribs'  breadths  lower,  pp.  89,  90.  The  left  side  of  the 
chest  equals  the  right  in  measurement,  p.  93.  The  summits  of  the  lungs  not  so 
high  above  the  clavicles,  p.  88.  The  lower  end  of  the  sternum  falls  back  on 
inspiration,  pp.  95,  96. 

2.  Lower  edges  of  the  lungs,  in  a  tranquil  state,  behind  the  seventh  ribs,  pp. 
89,  90  ;  2a.  Lower  edges  of  the  lungs,  on  a  deep  inspiration,  half  a  rib's  breadth 
lower,  pp.  95-97  ;  2^.  Lower  edges  of  the  lungs,  on  a  forcible  expiration,  behind 
the  sixth  ribs  or  sixth  intercostal  spaces,  p.  97.  3.  Heart's  superficial  dulness,  in 
a  tranquil  state,  low  and  narrow  ;  below  the  sternum,  behind  the  xiphoid  carti- 
lage and  sixth  and  seventh  costal  cartilages,  pp.  91,  98 ;  3a.  Heart's  superficial 
dulness,  on  deep  inspiration,  descends  into  epigastrium,  and  becomes  narrower, 
p.  ICO  ;  3^.  Heart's  superficial  dulness,  on  forcible  expiration,  ascends  behind  the 
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equal.  The  measurement  round  the  abdomen  is  greater  in 
comparison  to  the  upper  measurement  than  it  is  in  a  state  of 
health.    All  the  measurements  are  greatly  increased. 

Effects  of  Inspiration.— subjects  of  this  disease  are, 
even  in  the  most  tranquil  state,  almost  "  at  the  top  of  their 
wind."  The  chest  is  so  full,  that  the  strongest  efforts  can 
add  little  to  the  already  distended  cavity. 

When  in  the  state  of  perfect  rest  the  ordinary  inspiratory 
muscles  act  with  unusual  power  ;  and  some  of  the  supple- 
mentary muscles,  as  the  sterno-cleido-mastoid,  give  their  aid. 
The  diaphragm  acts  with  particular  vigour ;  and  as  its  floor 
is  already  flattened,  the  descent  of  its  whole  plane  is  im- 
mediate and  effective.  No  time  is  lost  by  it  in  flattening  its 
bulge.  The  scaleni  and  superior  intercostals  at  the  same 
time  draw  upwards  and  push  a  little  forwards  the  superior 
ribs,  their  cartilages,  and  sternum. 

The  lower  part  of  the  sternum,  the  xiphoid  cartilage,  and 
the  sixth,  seventh,  and  eighth  ribs  and  cartilages  are  raised, 

lower  end  of  sternum,  and  becomes  wider,  p.  loo.  4'.  Bounds  of  heart's  deep- 
seated  dulness,  lower,  and  more  extensive ;  4/1.  Concentric  curves  :  Heai-t's 
impulse  in  a  tranquil  state  ;  impulse  of  right  ventricle  felt  over  the  xiphoid  car- 
tilage ;  impulse  at  apex  not  felt,  p.  99  ;  Heart's  impulse,  on  deep  inspiration, 
lower,  stronger,  and  more  extensive,  p.  100 ;  Heart's  impulse,  on  forcible  expira- 
tion ;  impulse  of  right  ventricle,  feeble,  sternal,  or  unfelt ;  impulse  at  apex,  feeble, 
fifth  or  sixth  intercostal  space,  p.  100.  5'.  Upper  deep  bound  of  the  liver,  behind 
fifth  intercostal  space ;  lower,  in  proportion,  than  the  lower  margin  of  the  right 
lung,  pp.  92,  93  ;  5,  Liver,  and  6.  Stomach,  are  pushed  down  into  the  abdomen, 
which  they  distend,  pp.  92,  93  ;  the  measurement  of  the  abdomen  is  usually 
large,  p.  95  ;  6'.  Upper  deep  bound  of  the  stomach,  behind  the  sixth  intercostal 
space. 

Resonance,  on  percussion,  loud  and  extensive  ;  Vocal  resonance,  loud  and  exten- 
sive ;  Laryngeal  respiratory  sounds,  loud  and  hissing,  p.  97  ;  Respiratory  sounds 
over  the  bulk  of  the  lung,  feeble,  p.  98  ;  Respiratory  sounds  over  the  sternal 
margins  of  the  lungs,  loud  and  hissing,  p.  98. 

The  figures  at  the  sides  denote  the  measurenunts  on  each  side,  from  the  spine  to 
the  centre  in  front,  under  the  axilla,  over  the  Imver  margins  of  the  lungs,  and  over 
the  lo7ucsl  edge  of  the  ribs  and  their  costal  cartilages,  p.  93. 
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but  fall  in,  instead  of  advancing,  at  the  beginning  of  the 
inspiration.  This  depression  of  these  parts  is  marked,  and 
is  due  to  the  sudden  withdrawal  of  the  lungs,  caused  by 
the  rapid  descent  of  the  diaphragm,  which  draws  down  the 
bases  of  the  lungs  before  the  air  has  had  time  to  rush  in 
through  the  tubes  to  supply  the  displacement.  Atmospheric 
pressure  forces  back  the  costal  walls. 

Towards  the  end  of  the  inspiration,  as  soon  as  the  lungs 
have  had  time  to  be  filled  up  to  the  action  of  the  diaphragm, 
portions  of  the  costal  walls  in  question  advance,  and  by  the 
lower  end  of  the  act  are  more  prominent  than  they  were 
before  the  beginning.  In  some  cases  the  sudden  withdrawal, 
by  the  diaphragm,  of  the  lung  from  behind  the  sterno-costal 
walls,  causes  the  whole  of  these  walls  to  fall  back,  at  the  same 
time  that  they  are  raised  by  their  proper  muscles.  The  upper 
part  of  the  costal  walls  very  rapidly  recoils  and  protrudes. 

During  a  deep  inspiration  every  available  muscle  is  called 
into  play.  The  lower  parts  of  the  costo-sternal  walls  fall 
back  at  the  beginning  of  the  act ;  but  they  very  soon  resume 
their  place,  and  then  advance  steadily ;  and  as  the  frame- 
work of  the  chest  is  usually  solid,  the  advance  of  the  xiphoid 
cartilage  and  lower  part  of  the  sternum,  and  of  the  sixtli, 
seventh,  and  eighth  costal  cartilages,  is  actually  greater  than 
the  advance  of  the  upper  part  of  the  sternum  and  of  the 
higher  ribs  and  cartilages;  these  lower  parts  being  further 
from  the  axis  of  motion. 

When  the  lower  face  of  the  sterno-costal  walls  advance?, 
the  opposed  lower  edges  of  the  combined  seventh  and  eighth 
costal  cartilages  below  the  sternum  are  withdrawn  from  each 
other,  and  the  angle  between  them  is  enlarged. 

Fit  of  Dyspncea.~T)\ir\r\g  an  attack  of  dyspnoea  the  patient 
fixes  the  scapulae,  thus  giving  solid  points  of  action  to  the 
pectoral  muscles   by  resting  the  hands  on  a  table,  or  the 
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elbows  on  the  knees,  the  head  and  shoulders  being  at  the 
same  time  thrown  forwards. 

If  the  patient  is  in  bed  he  frequently  kneels  and  leans  on 
his  elbows,  maintaining  a  horizontal  back;  this  is  the  very 
attitude  of  the  lower  animals.  There  is  now  no  occasion  to 
lift  up  the  thoracic  walls  on  inspiration  ;  the  motion  is  back- 
wards and  forwards,  like  that  of  a  battering-ram,  and  the 
costal  walls  are  slung  by  the  serrati  from  the  scapulae,  fixed 
by  the  rhomboidei.  The  action  of  the  serrati,  when  exerted 
on  the  ribs,  is  not  inspiratory  but  expiratory ;  so  that  expira- 
tory action  is  also  assisted.  The  head  at  the  same  time  is 
lowered,  resting  on  the  pillow  ;  the  origins  of  the  scaleni  and 
of  the  sterno-mastoid  are  thrown  forwards  and  fixed,  and 
those  muscles  act  with  every  advantage  ;  their  pull  being 
direct,  not  oblique,  none  of  their  force  is  lost. 

Expiration. — Expiration  is  performed  very  slowly,  I  think 
the  act  of  expiration  doubles  in  duration  that  of  inspiration  ; 
this  is,  I  conceive,  due  to  the  dry,  parchment-like  state  of  the 
lung  tissue,  and  to  the  outlets  from  the  distended  cells  or 
lobules  being  comparatively  small. 

The  muscles  of  expiration  are  always  strongly  exerted. 
At  the  beginning  of  the  act  of  expiration  the  whole  floor  of 
the  diaphragm  is  suddenly  raised,  the  whole  volume  of  the 
lung  is  compressed,  and  as  the  air  goes  slowly  out  of  the 
tubes  the  costo-sternal  walls  are  displaced  forwards,  just  as 
they  are  when  the  respiration  is  entirely  diaphragmatic.  The 
costal  walls  soon  return  to  their  former  level,  and  they  then 
fall  in. 

Respiratory  Sounds. — The  laryngeal  respiratory  sounds 
are  loud,  smooth,  and  hissing  ;  the  expiratory  sound  has 
exactly  the  same  character,  and  is  as  loud  and  intense  as 
the  inspiratory. 

VOL.  T.  H 
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Over  the  upper  part  of  the  sternum,  and  just  below  the 
clavicles,  the  expiratory  and  inspiratory  sounds  are  hissing, 
and  resemble  those  heard  over  the  larynx,  from  which  indeed 
they,  especially  the  inspiratory,  are  probably  carried.  Over 
the  bulk  of  the  lungs,  to  the  sides,  and  behind,  the  respiratory 
sounds  are  very  faint,  often  scarcely  audible  ;  over  the  inner 
margins  of  both  lungs,]from  the  upper  to  the  lower  end  of  the 
sternum,  there  is  usually  a  rather  loud  inspiratory  hissing 
murmur,  resembling  the  laryngeal  noise.  The  expiratory 
sound  is  quite  audible,  of  similar  character,  but  not  so  loud. 

When  the  respiration  is  quickened  the  sounds  are  louder. 
The  act  of  expiration  often  gives  birth  to  a  very  gentle 
sharp  coo,  or  whistle ;  this  begins  suddenly  ;  it  is  loud  at  the 
beginning  of  the  act,  gradually  dies  away,  and  gives  place  to 
the  hissing  murmur. 

The  hissing  murmurs  which  are  heard  over  the  sternum 
from  end  to  end,  and  more  faintly  also  around  the  heart,  and 
over  the  lower  margins  of  the  lungs  in  front,  are  probably 
due  to  the  rushing  of  the  air  through  a  narrow  opening  into 
and  out  of  the  enormously  dilated  cavities.  The  sounds  are 
heard  where  the  air-Cells  and  lobules  are  most  dilated,  and 
where  there  is  the  greatest  difference  between  the  calibre  of 
the  opening  and  the  size  of  the  cavity.  The  contrast  is 
strange  between  the  comparative  silence  over  the  bulk  of 
the  lung  and  the  rushing  hisses  over  the  stretched  dilated 
margins.  They  cannot  be  due  to  the  conveyance  of  the 
laryngeal  sounds,  else  would  those  sounds  be  heard  louder 
still  over  the  bulk  of  the  lung. 

Do  they  arise  from  the  friction  of  the  lung's  surface,  of  the 
rounded  projecting  lobules,  against  the  costal  walls      If  so, 
would  not  the  sound  diminish  towards  the  end  of  the  act,] 
when  the  motion  of  the  lungs  is  little  more  than  dilating,] 
and  scarcely  from  above  downwards,  or  from  side  to  side  ? 
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The  expiratory  sound,  though  of  Hke  quality  with,  is  fainter 
than  the  inspiratory ;  this  is  due  to  the  slowness  of  the  act  of 
expiration.  The  respiratory  noises  are  frequently  accom- 
panied by  sonorous  noises,  due  to  the  secretion  and  accu- 
mulation of  mucus  in  the  air-passages,  and  to  accompanying 
bronchitis. 

Seat  of  Heart's  Dulness. — The  region  of  the  heart's  super- 
ficial dulness  is  just  behind  the  left  side  of  the  xiphoid 
cartilage  and  the  conjoined  sixth  and  seventh  left  costal 
cartilages.  This  region  is  lowered  and  narrowed  during  a 
deep  inspiration,  its  upper  edge  (Diagram  L.  i)  being  brought 
down  from  the  top  to  the  middle  of  the  xiphoid  cartilage  ;  its 
lower  end  is  below  that  cartilage,  and  the  left  margin  is  just 
behind  the  inner  edge  of  the  sixth  and  seventh  left  costal 
cartilages.  The  region  of  the  heart's  contact  is,  in  fact, 
entirely  in  the  epigastrium. 

A  deep  expiration  raises  and  widens  the  region  of  the 
heart's  dulness.  (Diagram  4.)  It  is  brought  behind  the 
lower  end  of  the  sternum,  both  sides  of  the  upper  half  of  the 
xiphoid  cartilage,  and  the  sixth  and  seventh  costal  cartilages 
at  their  sternal  junction. 

The  lung  is  everywhere  thinner  over  the  heart  ;  the  region 
of  the  heart's  deep  dulness  is  much  extended,  the  degree  of 
dulness  is  greatly  increased. 

Seat  of  Impulse. — The  impulse,  if  present,  occupies  the 
same  seat  as  the  region  of  the  heart's  superficial  dulness, 
being  situated  in  the  epigastric  region,  just  below  the  sternum  ; 
it  is  usually  very  gentle,  heaving,  diffused  ;  lasts  a  very  short 
time,  and  falls  back  suddenly  ;  there  is  often,  where  the  im- 
pulse cannot  be  felt,  a  visible  undulation  to  the  left  of  the 
xiphoid  cartilage.  The  suddenness  and  quickness  of  the 
fall  back  gives  the  impression  that  there  is  a  falling  in  during 
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the  systole,  instead  of  a  heaving.  By  the  combined  assist- 
ance of  the  flexible  stethoscope,  the  eye,  and  the  touch,  a 
little  attention  shows  that  there  is  a  heaving  impulse  at  the 
beginning  of  the  systole,  and  a  falling  back  during  its 
progress. 

On  a  deep  inspiration  the  impulse  is  lowered  quite  into  the 
epigastrium,  below  the  xiphoid  cartilage  and  the  edge  of  the 
sixth  and  seventh  costal  cartilages,  it  is  strong  heaving,  falls 
suddenly  back,  and  is  not  altered  in  character  from  the  impulse 
in  a  state  of  repose.  The  influence  of  the  impulse  is  more 
readily  conveyed  through  the  muscular  than  the  bony  walls, 
and  the  heart  too  is  pressed  on  by  the  walls  during  inspira- 
tion, as  they  are  pressed  back  upon  the  heart  at  the  be- 
ginning of  the  inspiratory  act  while  the  heart  heaves  forward. 
The  impulse  can  very  seldom  be  felt  during,  expiration  ;  some- 
times it  is  perceptible  to  the  eye  and  touch,  especially  if  the 
case  be  not  extreme,  between  the  fifth  and  sixth  ribs ;  some- 
times there  is  a  very  gentle  heaving  of  the  sternum. 

Hearts  Sounds. — The  heart's  sounds  are  heard  over  a  very 
limited  extent  when  the  patient  is  at  rest.  The  impulsive 
sounds  are  only  heard  over  the  region  of  dulness  in  front  of 
the  xiphoid  cartilage  and  sixth  and  seventh  costal  cartilages  ; 
the  sounds  are  very  faint,  often  inaudible,  on  the  upper  part 
of  the  sternum  ;  the  second  sound  is  heard  very  plainly  just 
above  the  junction  of  the  right  clavicle  to  the  sternum. 

Effect  of  Inspiration  on  the  Hearts  Sounds. — On  a  deep 
inspiration  the  sounds  are  lowered,  with  the  region  of  the 
heart's  dulness  and  impulse,  into  the  epigastrium.  The 
systolic  impulsive  sound  is  louder  and  more  ringing  than  it  is 
in  the  tranquil  state  ;  this  is,  probably,  due  to  the  falling  in  of 
the  sterno-costal  walls  over  the  heart  while  that  organ 
advances.  The  diastolic  sound  is  generally  louder,  sharper, 
and  more  ringing  than  the  systolic,  or  than  the  usual  second 
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sound.  The  systolic  and  the  diastolic  impulsive  sounds  are 
only  heard  over,  and  immediately  contiguous  to,  the  seat  of 
the  heart's  dulness. 

Effect  of  Expiration  on  the  Heart's  Sounds. — On  a  deep 
expiration  the  impulsive  sounds  are  loud  and  ringing,  and  are 
heard  much  more  extensively,  quite  over  the  enlarged  space 
of  the  heart's  dulness,  and  to  some  extent  over  the  neigh- 
bouring surface.  The  systolic  impulsive  sound  of  the  apex, 
before  quite  inaudible,  is  now  generally  heard  loud,  sharp,  and 
ringing,  between  the  fifth  and  sixth  ribs. 

The  normal  first  and  second  sounds  are  now  very  plainly 
heard  over  the  whole  sternum,  and  over  and  beyond  the  whole 
region  of  the  heart's  deep  dulness  ;  they  can  also  be  heard 
over  the  dorsum.  In  examining  the  character  of  the  heart's 
sounds  to  ascertain  whether  there  be  valvular  murmurs,  it  is 
necessary  to  listen  during  a  deep  expiration.  During  the 
ordinary  play  of  respiration  the  sounds  are  higher  and  more 
extensive  on  expiration,  and  lower  and  less  extensive  on 
inspiration.  During  the  former  they  are  loudest  over  the 
sternum  and  apex  ;  during  the  latter,  over  the  epigastrium. 

Respirations. — The  respirations  are  generally  natural  in 
number,  or  even  less  frequent  than  usual,  it  there  be  no  bron- 
chitis and  if  the  patient  be  in  a  state  of  repose.  Very  often, 
especially  if  bronchitis  be  present,  the  respirations  are 
quickened,  being  in  the  adult  male  about  24,  in  the  female 
about  35  in  the  minute,  when  in  the  recumbent  posture. 

Pulse. — The  pulse  is  almost  always  slow  in  male  patients, 
even  where  the  breathing  is  quick ;  it  varies  from  40  to  70 
beats  in  a  minute.  In  the  female  the  pulse  is  quicker,  from 
80  to  90  ;  the  breathing  also  is,  relatively  to  the  pulse, 
quicker  than  in  males.  This  great  quickening  of  the  respira- 
tion in  females  is,  I  doubt  not,  due  to  the  modification  that 
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their  lungs  and  chest  have  undergone  by  tight-lacing,  as  the 
inspiratory  increase  of  the  lower  lobes  of  the  lungs  is  only 
allowed  to  take  place  partially. 

The  pulsation  in  the  arteries  of  the  neck  and  of  the  wrist 
is  often  visible  even  when  there  is  no  aortic  regurgitation. 
The  arteries  usually  contain  little  blood,  consequently  the 
injection  of  even  a  small  quantity  into  the  flaccid  arteries 
produces  a  visible  enlargement  of  their  calibre. 

Motion  of  the  Blood  through  the  Lwigs  and  System. — The 
quantity  of  blood  sent  through  the  lungs  is  small,  conse- 
quently the  rate  at  which  it  is  sent  through  the  system  is 
slow  ;  the  pulse  is  feeble,  the  blood  moves  slowly  in  the  veins. 
The  distension  of  the  superficial  veins  depends  upon  the 
activity  of  the  capillary  circulation. 

Veins  of  the  Neck. — The  veins  of  the  neck  are  usually 
swollen ;  in  extreme  cases  excessively.  A  deep  inspiration 
exhausts  the  blood  from  the  cervical  veins ;  a  forcible  expira- 
tion prevents  the  access  of  blood  into  the  right  side  of  the 
heart,  while  it  increases  the  energy  of  the  circulation  through 
the  system  ;  the  veins  are  then  distended. 

Jugular  Pulsation. — The  jugular  pulsation  is  usually  pre- 
sent, but  is  not  well  marked.  The  play  of  respiration  is 
lessened  in  emphysema  ;  there  is  less  respiratory  variation  in 
the  quantity  of  air  in  the  lungs,  and  of  blood  in  the  lungs' 
vessels,  and  in  the  right  cavities  of  the  heart,  than  there  is  in 
the  healthy  state  ;  consequently  there  is  not  the  usual  healthy 
range  of  ebb  and  flow  in  the  venous  reservoirs  of  the  neck. 
The  pulsation  is  usually  more  evident  in  the  deep  than  in 
the  superficial  jugular  veins ;  it  is  also  more  evident  during 
expiration  than  in  the  natural  state,  unless  that  act  leads  to 
excessive  distension. 

Fuhiess  of  Veins. — If  the  veins  are  excessively  distended 
or  contain  very  little  blood,  there  is  no  pulsation.  Whatever 
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causes  moderate  enlargement  of  the  veins  induces  jugular 
pulsation.  If  they  are  excessively  distended  in  a  state  of 
repose,  a  deep  inspiration  will  moderate  that  distension  and 
render  the  pulsation  visible.  If,  on  the  other  hand,  the 
veins  be  nearly  empty,  or  very  flaccid,  in  a  state  of  rest, 
a  forcible  expiration  will  fill  those  veins  and  excite  jugular 
pulsation. 

Dyspiicea. — The  dyspnoea,  so  distressing  to  the  emphyse- 
matous patient,  consists  in  a  succession  of  attempts  at  inspira- 
tion, as  rapid,  forcible,  and  deep,  as  the  physical  condition  of 
his  breathing  apparatus  permits.  This  dyspnoea  is  really 
difficult  inspiration  ;  as  the  lungs  are  already  distended  almost 
to  the  full,  very  little  more  air  can  be  admitted. 

As  there  is  very  little  unused  lung  kept  in  reserve  for 
exertion,  or  for  any  other  cause  that  hurries  the  breathing, 
the  spare  portion  of  lung  is  soon  exhausted ;  excessive 
attempts  at  inspiration  take  place.  Each  inspiration  further 
distends  the  lungs,  as  the  air  enters  more  easily  than  it  can  get 
out,  and  thus  the  very  attempt  to  remedy  adds  to  the  distress, 
and  difficult  breathing  in  its  real,  full,  and  terrible  import,  is 
felt  by  the  unfortunate  patient. 

Exxiting  Causes  of  the  Dyspnoea. — This  difficulty  in  breath- 
ing is  brought  on  by  any  cause  that  requires  more  blood  to  be 
arterialized  than  is  needful  in  the  tranquil  state  ;  by  exertion 
of  any  kind,  as  quick  walking,  running,  ascending  or  descend- 
ing heights  ;  by  whatever  increases  the  capillary  circulation, 
as  external  heat,  violent  passion,  or  mental  excitement ;  or 
the  reaction  after  the  chill  and  constriction  of  the  surface  with 
its  capillary  circulation.    Any  cause  brings  on  the  dyspncea 
that  excites  increased  and  diseased  secretion  from  the  inner 
membrane  of  the  air-tubes  and  air-cells,  and  thus  lessens  the 
action  of  the  inspired  air  on  the  blood  ;  as  exposure  to  cold, 
and  the  breathing  of  an  irritating  atmosphere  ;  whatever,  also. 
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injures  the  arterializing  power  of  the  air  breathed,  as  air 
charged  with  carbonic  acid  or  other  poisonous  gas. 

In  extreme  cases  the  recumbent  posture  brings  on  dyspnoea  ; 
this,  I  suppose,  is  due  to  the  accumulation  of  blood  by  gra- 
vitation in  the  chest  organs. 

From  whatever  cause  an  attack  or  fit  of  difficult  excessive 
inspiration  is  brought  on,  it  does  not  give  place  to  tranquil 
breathing  until  mucus  is  expectorated. 

Exciting  Causes  of  Emphysema. — Emphysema  may  be 
brought  on  by  all  diseases  that  excite  difficult  and  deep 
breathing ;  it  is  never  a  primary  disease. 

The  difficult  deep  breathing  that  excites  dilatation  of  the 
air-cells  is  very  different  from  that  breathlessness,  shortness  of 
breath,  that  obtains  in  hysteria,  disordered  excitability,  and 
phthisis.  The  emphysema  producing  dyspnoea  consists  in 
repeated  excessive  acts  of  inspiration.  In  the  hysterical 
dyspnoea  there  are  numerous  short  acts  of  inspiration  follow- 
ing one  another  in  rapid  succession  ;  there  is  no  attempt  to 
distend  the  chest  by  a  deep  inspiration. 

Br-onchitis. — Among  the  causes  of  emphysema  are  bron- 
chitis and  repeated  catarrh,  affections  of  the  bronchial  and 
intra-lobular  mucous  membranes,  which  prevent  the  respired 
air  from  acting  on  the  blood  in  the  lungs'  vessels,  whether  the 
coats  of  these  vessels  be  altered,  or  whether  they  be  screened 
from  the  air  by  a  glazing  of  mucus.  The  patient  naturally 
and  unavoidably  attempts  to  make  up  for  the  deficient  arte- 
rialization  of  the  blood  by  breathing  as  deeply  and  as  often 
as  he  can. 

When  the  disease  of  the  bronchial  mucous  membrane  is  of 
long  duration,  or  of  frequent  occurrence,  or  when  it  leaves  a 
permanently  thickened  state  of  the  lining  membrane,  these 
acts  of  rapidly  recurring,  forced,  deep  inspiration,  gradually 
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expand  the  lungs  to  the  full  natural  extent,  and  then  go  on  to 
stretch,  step  by  step,  the  walls  of  the  cells,  equally  in  every 
direction  in  the  mass  of  the  lung,  and  partially  with  much 
greater  force  at  the  thinned  margins  of  the  lungs.  The  cells 
so  dilated  have  very  narrow  outlets.  In  bronchitis  the  tumid 
walls  narrow  or  close  the  outlets  ;  the  air  inspired  is  expired 
with  difficulty  ;  the  whole  is  not  ejected  when  the  next  in- 
spiration begins,  and  that  inspiration  adds  still  more  to  the 
distending  stock.  Sometimes  the  lobules  and  cells  are  dis- 
tended by  fluid  secretions  from  the  inflamed  surface  being 
detained  by  the  closure  of  the  opening,  and  then  the  accumu- 
lated secretion  distends  the  secreting  sac.  The  consequence 
is,  that  in  the  lapse  of  time  the  whole  cell-texture  of  the  lungs 
is  rendered  coarser,  and  at  the  margins  the  lobule  walls  are 
obliterated,  the  cells  are  infinitely  stretched,  and  the  fine 
areolar  structure  becomes  distended  into  large  bullae,  the 
sides  of  which  are  linked  by  filaments. 

This  new  action  is  no  laceration ;  the  stretching  excites  a 
modified  action  in  the  cell-life  and  vascularity  of  the  parts ;  all 
the  old  parts  are  extended,  and  many  of  them  entirely  dis- 
appear, being  in  fact  removed  by  vital  processes. 

Diseases  of  the  Heart. — Diseases  of  the  heart,  especially 
those  which  obstruct  the  circulation  through  the  lungs,  as 
mitral  regurgitation  and  adhesions  of  the  heart,  usually  give 
rise  to  emphysema.  In  Diagram  14,  the  muscular  walls  of 
the  right  side  of  the  heart  were  rendered  so  firm  and  elastic 
by  disease,  that  after  being  pressed  together  by  the  finger 
they  recoiled  when  the  pressure  was  removed,  as  if  they  had 
been  made  of  India-rubber.  In  this  case  the  right  ventricle 
must  have  had  hard  work  to  send  any  of  its  contents  into 
the  vessels  of  the  lungs.  The  patient  would  attempt  to 
relieve  this  difficulty  by  excessive  inspirations,  during  which 
blood  would  be  forced  into  the  expanding  lungs'  vessels  by 
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atmospheric  pressure  ;  and,  strange  and  far  off  as  it  may- 
seem,  by  the  action  of  the  left  ventricle,  and  by  the  return  of 
the  arteries  after  distension,  through  the  arteries,  capillaries, 
veins,  right  auricle  and  right  ventricle. 

Frequent  Exposure  to  Foul  A  ir. — Frequent  exposure  in  pits  to 
impure  air,  charged  with  carbonic  acid  or  carburetted  hydrogen 
gas,  gives  rise  to  repeated  excessive  deep  inspirations,  both 
in  the  pit,  so  long  as  the  air  is  not  entirely  poisonous,  and, 
to  a  still  greater  degree,  afterwards,  on  exposure  to  the  pure 
air.  These  excessive  inspiratory  acts  gradually  dilate  the 
air-cells  ;  in  addition,  serious  bronchitis  is  established,  entail- 
ing all  the  emphysematous  consequences  of  that  disease. 

Repeated  Excessive  Exertion. — During  repeated  and  excessive 
acts  of  exertion,  especially  running  or  climbing,  the  full 
volume  of  blood  is  in  active  circulation,  and  is  rapidly  arteria- 
lized  and  consumed  by  the  increased,  repeated,  deep  forcible 
inspirations.  These  actions  gradually  stretch  and  enlarge  the 
lungs. 

Players  on  wind  instruments  expand  the  lungs  to  the  full 
before  playing,  that  they  may  sustain  the  notes.  Here  the 
repeated  action  dilates  the  cells. 

Emphysema,  excited  by  laborious  or  running  exertion,  or 
by  playing  on  wind  instruments,  is  not,  so  far  as  I  have  seen, 
nearly  so  injurious  to  healthy  life  as  when  it  is  caused  by 
bronchitis  or  by  diseased  heart. 

Bronchitis  is  frequently  induced  by  violent  exercise,  and  by 
playing  on  wind  instruments.  Then  is  bronchitis  combined 
with  those  causes  in  the  production  of  emphysema,  and  then  is 
there  a  real  disease  seriously  disturbing  the  healthy  functions. 

Diseases  of  the  Stomach  and  Liver. — Affections  of  the 
stomach  and  liver,  caused  as  they  generally  are  by  a  deranged 
condition  of  the  skin,  frequently  give  rise  to  repeated'exces- 
sive  attempts  at  a  deep  inspiration,  and  induce  emphysema. 
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Emphysema  an  extension  or  later  stage  of  a  prroions  disease. 
— Emphysema  is  scarcely,  I  conceive,  a  distinct  disease,  but 
is  one  of  the  morbid  conditions  resulting  from  other  diseases, 
or  from  repeated  excessive  inspirations  excited  by  continuous 
labour. 

Emphysema  is,  I  conceive,  the  result  of  repeated,  irresis- 
tible, forcible,  and  vain  attempts  on  the  part  of  the  patient  to 
make  up  by  deep  inspirations  for  the  deficiency  in  the:  arteria- 
lization  of  his  blood,  and  of  the  difficulty  in  expelling  the  air 
from  the  already  dilated  cells  through  the  narrow  outlets.  All 
the  cases  of  emphysema  that  I  have  examined  with  care  have 
sprung  from  bronchitis,  exposure  to  coal-damp,  or  disease  of 
the  heart.  In  all  those  cases  that  originated  in  bronchitis, 
the  skin  was  soft,  loose-textured,  perspirable,  and  susceptible 
of  the  influence  of  cold. 


BRONCHITIS,  (diagram  15.) 

Bronchitis  is  the  parent  disease  of  emphysema.  It  gives 
rise  to  a  constant  inspiratory  distension  of  the  chest.  The 
mucous  membrane  lining  the  bronchial  tubes  is  tumid  and 
red  with  new  and  increased  vascularity  and  congestion,  and 
secretes  a  diseased  adhesive  mucus  in  large  quantity  and 
glazes  the  secreting  walls. 

Microscopic  Changes  observed  in  Bronchitis. — Diagram  15 
was  taken  from  a  man  who  died  from  fever  with  extensive 
bronchitis.  The  larger  bronchial  tubes  were  covered  on  their 
inner  walls  with  irregular  elevations,  composed  entirely  of 
capillary  vessels.  The  vessels  were  large  and  very  irregular 
m  calibre,  the  same  vessel  becoming  suddenly  two  or  three 
times  its  previous  size  and  then  shrinking  suddenly  to  a 
bore  even  less  than  it  had  at  the  first  start.    Some  vessels 
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Diagram  15.— BRONCHITIS. 

Charles  Wiberley,  aged  49,  Smith— a  Robust  Man  ;  Patient  of  Dr. 
Stoker  ;  Fever  and  Bronchitis. 


I.  Right  lung;  i'.  Left  lung.  2.  Pericardial  sac.  3-3.  Ventricles.  4.  Right 
auricle.  5.  Vena  cava.  6.  Aorta.  7.  Pulmonary  artery.  8.  Liver.  9^.  Car- 
diac portion  of  the  stomach  ;  <f.  Pyloric  portion  of  the  stomach.  10.  Spleen. 
II.  Pancreas.    12-12.  Kidneys.    (See  pp.  107-112.) 


were  twisted  spirally ;  others  formed  loops,  rising  forward  ; 
and  between  others  irregular  reticulations  were  formed  by 
capillaries  of  ever-varying  though  small  size.    Covering  one 
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portion  of  this  minutely  injected  tissue,  there  was  an  opal- 
escent, soft,  feebly  organized  structure,  floating  here  and  there 
irTfilamentous  raggedness;  under  the  microscope  this  structure 
was  seen  to  consist  of  parallel  bundles  of  exceedingly  fine 
lines,  each  line  being  many  times  finer  than  a  blood  globule. 
The  enlarged  looped  blood-vessels  played  in  a  thick,  soft, 
smooth,  nearly  translucent  membrane.  The  vessels  did  not 
generally  penetrate  quite  to  the  surface  of  this  membrane, 
here  and  there  one  perforated  it  and  was  truncated. 

The  capillaries  of  the  smaller  bronchial  tubes  were  smaller 
than,  but  they  presented  the  same  general  character  with, 
those  of  the  large  tubes. 

Many  of  the  vessels  supplying  the  air-cells  were  tortuous 
and  irregular  in  size,  resembling,  in  a  modified  form,  those 
just  described.    Their  distribution  was  exceedingly  fine,  and 

I  partook  in  some  parts,  especially  near  the  bronchial  tubes,  of 
the  tortuous  irregularity  of  the  supplying  vessels.  The  vessels 

I  on  the  air-cells  were  usually,  however,  of  normal  form  and 
distribution. 

In  EmpJiysematoiis  Bronchitis. — In  a  specimen  of  bronchitis 
with  emphysema,  from  the  subject  of  Diagram  20,  the  inner 
lining  of  the  bronchial  tubes  presented  a  tortuous,  very  fine 
network  of  vessels  ;  the  calibre  of  each  vessel  was  constantly 
varying,  now  bulging  out,  now  narrowing  to  the  finest  capil- 
lary tube.  The  contiguous  vessels,  forming  the  exquisitely 
fine  interlacements,  differed  remarkably  from  each  other  in 
size.  The  mucous  membrane,  though  tumid  from  the  exces- 
sive vascularity,  was  perfectly  smooth.  As  the  play  of  the 
minute  vessels  was  from  side  to  side,  they  were  neither 
spirally  twisted,  nor  raised  in  loops,  nor  in  prominent  inter- 
lacements, as  in  the  former  specimen. 

The  modified,  turgid,  increased  vascularity  of  the  bronchial 
mucous  membrane  undoubtedly  extends  into  the  intra-lobular 
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cellular  structure,  especially  in  the  neighbourhood  of  the 
moderate-sized  bronchial  tubes.  In  the  subject  of  Diagram 
15,  the  openings  of  the  minute,  or  lobular,  into  the  larger 
bronchial  tubes  were  narrowed,  closed,  and  drawn  into  a  slit- 
like form  in  the  direction  of  the  circular  fibres.  This  meeting 
of  the  walls  was  due  to  the  tumid,  vascular,  and  soft  condition 
of  the  lining  membrane.  Is  it  not  reasonable  to  infer  that 
the  affection  extends  with  more  or  less  intensity  into  all  the 
cells 

In  the  case  of  emphysema  from  which  Diagram  14  was 
taken,  some  of  the  bronchial  tubes  were  thickened,  opaque, 
and  unvascular  on  their  inner  surface  ;  other  smaller  tubes 
presented,  on  their  inner  surface,  a  diseased  vascularity, 
closely  resembling  the  same  parts  in  the  subject  of 
Diagram  15. 

Imperfect  A  rterialization  of  the  Blood. — The  diseased  secre- 
tions are  found  in  the  most  minute,  as  well  as  in  the  largest, 
bronchial  tubes. 

The  diseased  vascular  action,  and  the  diseased  mucus 
coating  the  vascular  surface,  interfere  with  the  arterialization 
of  the  blood.  The  patient  is  necessitated  to  inspire  deeply 
and  frequently,  and,  in  time,  the  whole  volume  of  the  lungs 
becomes  permanently  enlarged. 

Form  of  the  Chest. — The  whole  outlines  of  the  chest,  the 
diaphragm,  and  the  relative  seat  of  all  the  organs,  present 
the  characters  of  a  constant  deep  inspiration,  though  not 
nearly  to  the  same  extent  as  in  emphysema.  Everything 
that  has  been  said  with  regard  to  the  position  and  form  of 
parts  in  emphysema  applies,  though  in  a  modified  degree,  to 
bronchitis.  The  former  disease,  emphysema,  is  only  a  neces- 
sary carrying  out — an  unavoidable  development  —  of  the 
latter  disease,  bronchitis. 
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Displacement  of  Organs. — In  bronchitis  the  base  of  the 
lungs  and  the  heart  are  much  lowered  ;  the  impulse  of  the 
heart  is  generally  in  the  epigastrium.    The  liver  and  abdo- 
minal organs  are  thrust  down  in  like  manner,  though  not  to  a 
i  like  extent,  as  in  emphysema. 

The  extent  to  which  the  bronchitis  has  caused  the  lungs  to 
dilate  may,  in  the  earlier  stages,  be  invariably,  and  in  the 
latter  generally,  ascertained  by  comparing  the  seat  of  the 
depression,  marking  the  site  of  the  lower  margin  of  the  lung 
in  the  healthy  state,  with  the  present  diseased  site  of  that 
margin.  A  valuable  measure  of  the  extent  and  severity  of 
the  disease  is  thus  supplied  us. 

Permssion. — The  walls  of  the  chest  are  everywhere  un- 
usually resonant ;  the  resonance  extends  with  the  extension 
of  the  lung;  and  as  the  lungs  are  constantly  dilated,  the 
I  resonance  on  percussion  is  but  little  diminished  during  an 
expiration.  The  seat  of  the  heart's  dulness  is  lowered  and 
narrowed. 


Respiratory  Sounds — iii  the  Larynx. — The  laryngeal  sounds 
are  loud  and  hissing.  When  the  mucus  reaches  the  vocal 
chords,  the  hissing  sounds,  especially  during  expiration,  are 
modified  or  replaced  by  bubbling,  soft  flapping,  or  sonorous 
noises.  Sometimes  a  cooing  or  sonorous  noise  accompanies 
the  hissing  noise  during  expiration ;  if  these  two  sounds  co- 
exist, the  cooing  sound  is  generated  in  the  bronchial  tubes, 
and  carried  by  the  current  of  expired  air,  so  as  to  be  audible 
over  the  larynx. 

In  the  larynx,  trachea,  and  bronchial  tubes,  the  sounds, 
both  inspiratory  and  expiratory,  vary  with  the  constantly 
varying  quantity  and  seat  of  the  diseased  mucus,  which  is 
ever  being  collected  and  expelled. 

In  the  Bronchial  Tubes.— In  the  bronchial  tubes  the  noise 
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is  loud,  grave,  and  sonorous,  varying  exceedingly  in  tone  and 
loudness,  from  a  mere  loud  hissing  sound,  through  an  unso- 
norous,  repeated  flapping  sound,  up  to  a  loud,  generally  grave, 
reed-tone.  The  hissing  sound  characterises  the  narrowed 
tube,  through  which  flow,  uninterruptedly,  compressed  rapid 
currents  of  air:  the  silent-flapping  noises  are  due  to  the 
slowly-repeated,  gentle  interruptions  to  these  currents  by  a 
readily  yielding  tongue  of  mucus ;  and  the  sonorous,  reed- 
toned  noises,  to  the  currents  of  air  having  to  force  their  way, 
with  frequent,  rapid,  regular-recurring  interruptions,  through 
a  clog  of  mucus  occupying  the  tubes.  The  varying  extent 
and  consistence  of  this  clog  of  mucus  gives  rise  to  the 
varying  character  of  the  notes. 

The  expiratory  and  inspiratory  notes  are  perfectly  alike  in 
character,  and  nearly  alike  in  loudness.  The  inspiratory 
sound  is  either  alike  loud  during  its  whole  duration,  or  is 
loudest  toward  the  end  of  the  expiration.  The  expiratory 
sound  is  always  loudest  at  the  first  strike  off,  and  becomes 
gradually  feebler ;  the  current  of  air,  as  it  finds  its  way  out, 
pushes  aside  and  forward  the  clog  of  mucus. 

The  sonorous  or  reed-toned,  and  the  clacking  notes,  given 
birth  to  in  the  bronchial  tubes,  are  conveyed  by  the  current 
of  air,  during  expiration,  to  the  larynx  ;  during  inspiration, 
through  the  smaller  bronchial  tubes,  to  the  surface  of  the 
chest. 

If  the  accumulation  be  only  in  one  lung,  the  inspiratory 
conveyed  noise  is  heard  with  greater  clearness  and  loudness 
over  the  whole  walls  of  that  side  of  the  chest  on  which  is  the 
accumulation.  If  the  accumulation  be  in  the  trachea  at  the 
bifurcation,  the  sound  is  heard  of  like  character  over  the 
whole  of  both  sides  of  the  chest.  The  expiratory  tracheal 
or  bronchial  sonorous  noises,  are  also  heard,  though  more 
feebly  than  the  inspiratory,  over  the  surface  of  the  chest, 
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especially  in  the  neighbourhood  of  the  large  tubes ;  the 
sounds  being  conducted  back  to  the  surface  by  the  walls  of 
the  tubes,  as  well  as  carried  forward  to  the  larynx  by  the 
current  of  air. 

In  the  smaller  Bronchial  Tubes. — In  the  smaller  bronchial 
tubes  are  excited  an  unlimited  variety  of  notes;  the  notes 
vary  with  the  ever-varying  condition  of  the  tubes.  When 
the  smaller  bronchi  are  constricted  by  thickening  of  the 
lining  membrane,  by  an  universal  glazing  of  secretion,  or, 
possibly,  by  muscular  contraction,  respiration  gives  rise  to 
a  hissing  noise  about  equally  loud  on  expiration  as  on 
inspiration,  unless  the  former  act  be  slower'  than  the  latter. 

When  the  secreted  mucus  accumulates  in  small  quantities, 
and  gives  ready  though  gently  interrupted  passage  to  the 
currents  of  air,  and  when,  I  conceive,  the  opposed  tumid  walls 
of  the  small  bronchial  tubes  meet  each  other  at  their  outlet  to 
the  larger  tubes,  then  repeated  clackings,  or  gentle  continued 
cooings,  or  really  musical  chirpings,  are  audible.  There  is, 
in  truth,  a  musical  melange ;  there  are  new  tones,  variations 
of  the  old  notes,  and  perfect  pauses.  Their  general  character 
is  that  of  a  reed  tone  ;  the  notes  are  produced,  as  in  the 
clarinet,  or  hautboy,  or  in  the  larynx  during  speech,  by  the 
constant  and  very  rapid  meeting  and  parting  of  the  opposite 
walls,  due  to  the  alternate  rush  and  interruption  of  the  rapid 
current  of  air.  The  rapidity  of  the  vibrations  thus  excited 
regulates  the  pitch  of  the  note,  which  is  sharper  when  they 
are  more  rapid,  and  graver  when  they  are  slower. 

The  rate  of  the  current  of  air  and  the  amount  and  consist- 
ence of  the  secretion  regulate  the  rapidity  of  the  vibration 
and  the  pitch  of  the  tone  ;  when  the  breathing  is  quickened 
the  tones  are  sharper. 

I  The  inspiratory  noise  is  usually  of  a  like  or  only  slightly 
Imodificd  character  during  its  whole  duration  ;  but  the  expira- 
I    VOL.  T.  T 
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tory  always  strikes  off  abruptly  with  its  highest  and  loudest 
pitch ;  it  gently  lowers  its  note,  and  towards  the  middle  or 
end  of  the  act  gives  place  to  a  hissing  or  silent  flapping 
noise,  or  to  a  murnriur.  If  the  obstruction  to  the  current  of 
air  be  complete,  there  is  no  respiratory  sound  ;  but  if  it  be 
removable,  though  with  difficulty,  the  removal  takes  place 
towards  the  end  of  the  inspiration,  when  a  grave  or  sharp, 
usually  loud,  note  suddenly  strikes  up ;  the  expiration  pro- 
longs this  note,  of  almost  identical  character,  for  a  short  time 
during  the  beginning  of  the  act. 

There  is  generally  a  resemblance  in  the  tone  between  the 
expiratory  and  inspiratory  sound.  The  expiratory  cooing  or 
sonorous  noise  is  very  often  present  when  the  inspiratory 
sound  is  merely  murmuring  or  hissing. 

Quickening  of  Breathing  often  brings  out  for  a  time  Abnormal 
Noises. — Very  frequently,  when  no  abnormal  noise  is  excited 
by  tranquil  breathing,  sudden,  quick  breathing  gives  birth  to 
a  cooing  or  other  sonorous  noise  ;  this  is  much  more  fre- 
quently heard  during  expiration  than  inspiration  ;  if  under 
these  circumstances  the  quick  breathing  be  continued,  the 
reed,  or  flapping,  or  soft  musical  notes  are  gradually  replaced 
by  hissing  or  murmuring  sounds.  The  sonorous  noises 
generated  in  the  smaller  bronchial  tubes  are  more  frequently 
present,  and  are  louder,  over  the  sternal  margins  and  thinner 
portions,  than  they  are  over  the  bulk,  of  the  lungs.  This  is 
especially  the  case  where  there  is  dilatation  of  the  air-cells  at 
those  margins. 

The  vocal  resonance  and  pectoral  vibrations  are  unusually 
loud  and  extensive  in  bronchitis,  varying  with  the  extent  ofj 
resonance  on  percussion  and  the  amount  of  lung  substance.  I 
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DISEASES  OF  THE  LUNGS  WHERE  ONE  ORGAN  AND  ONE 
SIDE  OF  THE  CHEST  ARE  AMPLIFIED. 

(DIAGRAMS  l6,  17,  AND  L.  5.) 

Pneumonia,  Pleuritis,  and  Diffused  Tuberculous  Consoli- 
dation.— In  pneumonia  and  pleuritis,  and  in  some  cases  of 
diffused  consolidation  of  the  lung  from  tuberculous  deposit, 
the  lung  that  is  the  seat  of  the  disease  becomes  permanently- 
enlarged.  If  but  a  small  portion  of  the  lung  be  affected,  the 
enlargement  from  the  disease  is  confined  to  the  affected  part. 
If  the  whole  of  one  lobe  or  of  one  lung  be  involved,  then  is 
the  enlargement  proportionably  diffused. 

In  diffused  enlargement  of  the  lung  from  any  of  these 
diseases,  that  organ,  or  the  portion  of  it  affected,  puts  on  the 
same  form  that  it  acquires  on  a  deep  inspiration. 

Artificial  Distension  of  the  Lungs. — Artificial  distension  of 
the  lungs,  when  the  walls  of  the  pulmonic  cavities  are  entire, 
distends  those  walls,  exactly  after  the  same  form  and  to  the 
same  degree  that  they  are  expanded  on  the  deepest  possible 
inspiration  ;  the  amplified  walls  then  dilate  the  lungs ;  the 
enlarged  lungs  now  distend  the  walls. 

The  diseases  above-named  enlarge  the  lung  or  portion  of 
lung  affected  to  the  extent  and  in  the  form  that  artificial 
distension  or  that  dilatation  of  the  chest  would  enlarge  it. 

The  costal  walls  of  the  chest  and  the  diaphragm  are 
pushed  aside  so  as  to  assume  exactly  the  same  form  as  if 
those  parts  acted  to  expand  the  lung  to  a  like  degree.  If 
the  whole  lung  be  distended,  the  effect  on  the  walls  and  floor 
of  the  chest  is  exactly  that  of  an  excessive  costo-diaphrag- 
matic  inspiration  confined  to  one  lung.  If  the  lower  lobe  be 
affected,  then  the  diaphragm  below  the   affected   lobe  is 

I  2 
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Diagram  i6.— TUBERCULOUS  CONSOLIDATION  AND  ENLARGE- 
MENT OF  THE  LEFT  LUNG. 

Charles  Griffitts,  aged  22,  Patient  of  Mr.  Attenburrow  ; 
Scrofulous  Disease  of  Ankle  ;  Phthisis. 


I.  Right  lung;  i'.  Left  lung.  2.  Pericardial  sac;  2'.  Ventricles.  3.  Ri^'lit 
auricle.  4.  Vena  cava.  5.  Aorta.  6.  Pulmonary  artery.  7.  Liver.  8.  Stomach. 
9.  Spleen.    10-10.  Kidneys.    (Seep.  117.) 

pushed  down,  and  the  inferior  costal  walls  are  distended,  the 
superior  walls  not  being  necessarily  affected  by  it ;  if  the 
upper  lobe  be  affected,  the  superior  portion  only  of  the  costal 
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walls  are  expanded ;  if  the  disease  be  partial,  the  distension 
of  the  walls  is  partial  likewise. 

When  any  one  of  the  diseases  in  question  occurs,  especially 
in  an  acutely  inflamed  stage,  the  muscles  of  inspiration  act  to 
expand  the  chest  over  the  diseased  part,  and  to  withdraw 
from  that  part  injurious  pressure.  The  dilatation  from 
inspiration  so  effected  is  almost  or  altogether  permanent,  to 
stave  off  from  the  inflamed  parts  the  injuiy  that  perpetual 
friction  would  cause. 

If  the  lower  lobe  be  the  seat  of  disease,  the  continuous 
deep  inspiration  is  effected,  by  the  fixed  descent  of  the 
diaphragm,  the  abdominal  muscles  being  rigid  and  motion- 
less, and  by  the  permanent  dilatation  of  the  inferior  costal 
walls.  The  lower  ribs  of  the  affected  side  bulge  outwards, 
and  the  inferior  sixth,  seventh,  and  eighth  costal  cartilages 
project  forwards,  upwards,  and  outwards,  more  than  they  do 
on  the  healthy  side.  At  the  same  time  the  play  of  inspira- 
tion goes  on  in  the  upper  part  of  the  chest.  If  the  upper 
lobe  be  affected  there  is  permanent  distension  of  the  upper 
walls  of  the  chest,  and  the  diaphragm  and  inferior  walls  of 
the  chest  now  act.  We  have  here  an  eye-test  of  the  portion 
of  lung  affected  by  acute  disease  ;  a  visible  invitation  from 
the  part  affected  to  a  further  scrutiny. 

Displacement  of  Abdominal  Organs. — The  abdominal  organs 
are  displaced,  and  replaced,  by  the  diseased  and  enlarged 
lung,  in  the  same  manner  and  to  the  same  extent  that  they 
are  displaced  and  replaced  by  the  inspiratory  distension  of 
the  lung.  As  one  side  only  of  the  chest  is  affected  by 
excessive  enlargement,  the  organs  are  pushed  not  directly, 
but  obliquely  downwards  from  the  diseased  towards  the 
healthy  side. 

Displacement  from  Enlargement  of  the  Left  Lung.—li  the 
left  lung  be  enlarged,  (Diagram  16,)  the  inner  margin  of  the 
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lung  advances  to  the  right,  so  as  to  be  behind  the  right 
upper  part  of  the  sternum.  The  apex  of  the  heart  is  pushed 
downwards  and  to  the  left  side.  The  lung  advances  in  front 
of  the  apex:  and  screens  it,  at  the  same  time  that  it  pushes  it 
downwards  to  the  right ;  the  right  ventricle  is  pushed  down- 
wards towards  the  xiphoid  cartilage  and  the  right  sixth, 
seventh,  and  eighth  costal  cartilages ;  the  stomach,  the  spleen, 
and  the  left  extremity  of  the  liver,  are  also  pushed  down- 
wards, and  somewhat  to  the  right,  the  whole  mass  of  the 
liver  being  thrust  more  into  the  right  side,  exactly  in  the 
manner  that  the  distended  stomach  acts  in  pushing  the  liver 
more  completely  to  the  right  side. 

Of  the  Right  Lung. — If  the  right  lung  be  affected,  (Diagram 
L.  5,)  the  inner  or  sternal  margin  of  the  lung  extends  to  the 
left  of  the  centre  of  the  sternum,  the  heart  is  pushed  down- 
wards and  to  the  left,  the  liver  is  displaced  downwards  and  a 
little  to  the  left. 


PNEUMONIA. 

In  pneumonia,  the  distension  of  the  lung  affected  is 
complete,  the  inflamed  part  projects  with  a  convex  surface 
and  defined  edges,  and  stands  out  from  the  surrounding 
sound  lung. 

Microscopic  Changes  observed  in  Pneumonia. — In  a  specimen 
of  pneumonia  that  I  examined,  where  several  clusters  of 
lobules,  some  of  large,  some  of  small  size,  were,  in  various 
parts  of  the  lung,  affected  in  different  degrees,  I  saw, 
after  minute  inspection,  the  following  appearances  under  the 
microscope. 

The  coats  of  the  pulmonary  artery  were  much  thickened, 
and-  consisted  of  an  inner  and  an  outer  layer  of  dense  white 
fibrous,  or  tendinous  structure.    Intermediate  to  these  layers 
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t   was  a  highly  vascular  couch,  consisting  of  a  fine  interlacement 
i   of  capillary  vessels  of  all  sizes,  some  of  which  were  straight, 
others  tortuous  or  spiral ;  some  were  of  equal  calibre,  while 
.   others  were  irregularly  bulging,  at  one  point  large  and  then 
suddenly  small.    The  pulmonary  artery  was  affected,  to  a 
greater  or  less  degree  everywhere,  but  the  thickness  of  the 
i  vascular  couch,  and  the  irregularity  in  the  vessels,  were  most 
i   marked  just  before  the  branches  entered  the  inflamed  por- 
I  tions  of  lung.    After  the  vessel  had  penetrated  the  affected 
structure  for  a  short  distance,  the  injection  of  the  capil- 
I   laries  of  the  middle  couch  suddenly  ceased,  those  vessels 
I   being  obliterated. 

Half-organized  fibrinous  layers  adhered  to  the  inner  coat 
I  of  the  pulmonary  artery  and  were  easily  separated.  At  one 
point  a  small  capillary  vessel  penetrated  the  inner  coat  of 
I  the  artery,  and  entered  the  new  soft  membrane.  These 
inner  new  membranes  were  general  in  the  arteries,  but  were 
more  and  more  strongly  adherent  near  the  inflamed  structure  ; 
there  their  organization  was  undoubted  ;  they  became  pulpy 
towards  the  centre  and  clogged  up  the  vessel. 

The  capillaries  on  the  inner  membrane   of  the  larger 
I   bronchial  tubes  entering  the  inflamed  portion  of  lung  were 
much  enlarged,  irregularly  swollen,  and  rather  tortuous  or 
spiral;  they  grouped  into  numerous  elevations.    The  dark 
I   uninjected  diseased  air-cells  on  each  side  of  the  inflamed 
:    bronchial  tube  threw  out  the  injected  surface  with  great 
!    splendour.    At  length,  the  distended  capillaries  were  sud- 
I    denly  enlarged,  became  globular,  and  abruptly  came  to  an 
end.  In  other  bronchial  tubes  the  capillaries  became  gradually 
much  smaller,  their  calibre  diminishing  more  and  more  until 
they  vanished ;  the  injection  failed  in  patches  in  these  tubes, 
and  at  length  gradually  or  abruptly  ceased.    The  openings  of 
the  smaller  into  these  larger  bronchial  tubes  were  usually 
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invisible,  being  obliterated  by  the  distended  capillaries 
rendering  the  walls  tumid. 

Where  the  pulmonary  artery  adjoined  the  bronchial  tubes 
numerous  small  capillaries  passed  from  the  one  to  the 
other  ;  where  the  injection  stopped  in  the  capillaries  of  the 
pulmonary  arteries  it  stopped  also  in  those  of  the  adjoining 
bronchial  tubes. 

The  capillaries  of  the  inflamed  portion  of  lung  were  void 
of  injection.  The  filamentous  and  webbed  walls  of  the  air- 
cells  were  thick  and  opaque.  There  were  small  semi-opaque 
granules  in  the  air-cells  ;  these  granules  were  of  a  dusky  red 
in  some  parts,  of  a  dark  bluish  hue  in  others.  The  colour  of 
the  granules  determined  the  general  tinge  of  that  of  the 
parts  affected  with  pneumonia  ;  some  patches  of  pneumonic 
lung  were  reddish,  others  bluish  ;  there  was  no  perceptible 
difference  between  them  except  the  colour  of  the  granules. 

The  air-cells  in  the  early  stage,  when  washed,  were  quite 
entire.  In  some  patches,  where  the  disease  was  not  so  far 
advanced,  irregularly  enlarged  capillaries,  slightly  tortuous, 
passed  from  the  coats  of  the  artery,  for  a  short  distance,  into 
the  midst  of  the  cell  ;  each  large  capillary  formed  a  filament 
and  subdivided  into  minute  interlacements,  which  were  also 
irregular  in  size,  bulging,  and  twisted.  Some  of  these  minute 
interlacing  capillaries  were  smaller  than  natural,  and  gradually 
vanished  ;  others  were  large,  swollen,  and  globular,  and  ended 
abruptly  ;  there  were  never  more  than  two  or  three  interlace- 
ments before  the  capillaries  came  to  an  end.  The  injection 
could  be  seen  in  some  vessels  to  pass,  in  small  grains,  into 
the  midst  of  a  yielding  structure — doubtless  the  diseased 
secretion  that  plugged  up  the  capillaries,  and  effected  the 
obstruction  in  the  circulation  of  the  air-cells.  The  same 
circumstance  was  observed  in  the  abrupt  endings  of  the 
capillaries  on  the  bronchial  tubes ;  some  of  them  were  closed 
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by  the  thickening,  gradual  approach,  and  meeting  of  their 
inner  walls. 

The  capillaries  of  the  air-cells  adjoining  the  inflamed 
portion  were  usually  more  highly  injected  than  the  capillaries 
of  those  further  off.  When  the  walls  of  the  pulmonary 
arteries  were  much  thickened  by  the  vascular  couch,  and  ran 
in  the  midst  of  vascular  air-cells,  the  capillary  vessels  forming 
the  filaments  of  those  cells  were  irregularly  large  and  slightly 
tortuous  ;  and  the  interlacements  on  the  webbed  walls  partook 
of  the  tortuously-irregular  enlargement  of  the  supplying 
capillaries ;  some  of  these  capillaries  were  unusually  small. 
This  seemed  to  be  the  first  stage  of  the  disease ;  the  capil- 
laries were  here  ready  to  be  blocked  up  by  the  disease. 
There  were  here  and  there,  in  the  vascular  air-cell  tissue, 
little  dark  spots,  consisting  of  a  few  cells  whose  vessels  were 
obliterated. 

Throughout  the  lung  there  were  portions  of  its  substance 
affected  with  pneumonia  in  all  its  stages. 

First  stage, — the  air  cell-walls  are  unusually  minutely 
injected  ;  the  large,  filamentous,  and  the  small,  webbed, 
interlacing  capillaries,  are  irregularly  large  and  tortuous. 

Second, — the  interlacing  capillaries  are  either  irregularly 
large  and  tortuous,  and  end  abruptly  after  a  bulge,  being 
clogged  by  secretion;  or  else  they  are  unusually  small,  and 
gradually  fine  off  to  a  point. 

Third, — there  are  no  capillaries  whatever  injected,  or  very 
few ;  the  texture  of  the  air-cells  is  thickened.  The  injected 
walls  of  the  pulmonary  artery,  and  of  the  large  bronchial 
tubes,  run  for  a  short  distance  into  the  diseased  structure,  and 
then  end  abruptly. 

Fourth, — there  are  no  injected  capillaries,  and  granules 
occupy  the  cells. 

Fifth,— where  there  is  hepatization,  the  pulmonary  arteries 
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are  obliterated,  forming  white,  tortuous-looking,  ramifying 
chords.  The  pulmonary  veins  are  collapsed.  The  cells  are 
distended  with  hard,  reddish-brown,  friable  structure.  The 
cells  themselves  have  not  now  the  smooth,  defined  character, 
under  high  microscopic  powers,  that  they  had ;  their  walls 
are  shaggy ;  the  very  fine  filamentous  texture,  seen  in  the 
previous  stage,  becomes  less  definite,  and  is,  as  it  were, 
apparently  in  strings  of  infinitely  small  beads  or  cells. 

Sixth, — the  stage  of  splenization,  of  breaking  up  of  the  cell 
structure,  of  complete  softening  and  disorganization  of  the 
diffused  granular  structure,  and  of  the  gradual  disappearance 
of  the  blocked  up  capillaries.  The  obliterated  pulmonary 
arteries  collapse,  and  remain  in  the  form  of  tendinous 
filaments. 

No  stage  of  reparation  was  observable  ;  indeed  reparation 
cannot  take  place  after  completed  pneumonia  ;  the  next 
best  change,  as  Dr.  Hodgkin  states,  is  the  constriction  and 
conversion  of  the  pneumonic  tissue  into  solid  white  and 
tendinous  structure. 

I  have  observed  pneumonia  to  end  in  universal  tuberculous 
infiltration.    This  is  by  no  means  an  unusual  result. 

Where  the  patches  of  pneumonia  came  to  the  surface,  there 
was  active  pleuritis ;  the  capillaries  forming  it  being  irregularly 
enlarged  and  tortuous,  in  the  same  manner  with  those  in  the 
bronchial  tube  entering  the  diseased  lung.  Over  the  highly 
vascular  injected  structure  was  a  thin,  firm,  smooth,  fibrous 
membrane,  which  was  separable  from  it  by  the  laceration  of 
numerous  small,  white,  glistening,  pearly,  tendinous  filaments. 
In  some  places  the  injected  capillaries  were  torn  across  :  and 
at  one  or  two  spots  the  superficial  membrane,  instead  of 
being  thin,  fibrous,  and  unvascular,  was  composed  of  red 
groups  of  tortuous,  swollen,  irregularly  large  capillaries. 
Over  the  advanced  portion  of  the  inflamed  lung  there  was  a 
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dense,  thick,  tendinous,  new  membrane  and  thickened  pleura, 
t|uite  free  from  vessels.  All  round  the  boundaries  of  the 
diseased  part  the  vessels  shot  in  over  it,  being  extended 
from  a  more  remote  pleuritis,  where  the  vessels  had  not  yet 
been  obliterated. 

TJie  Capillary  Branches  of  tJie  Pulmonary  Artery  atid  Vein 
the  primary  seat  of  Ptieumonia. — The  capillary  branches  of 
the  pulmonary  artery  and  vein  may  be  stated  to  be  the 
essential  primary  seat  of  pneumonia.  The  coats  of  the 
artery  are  changed  in  structure  and  texture  by  a  diseased 
modification  in  their  cell-life  ;  they  are  at  first  too  soft  and 
yielding.  The  heart's  force,  through  the  medium  of  the 
blood,  thrusts  aside  and  dilates  the  softened  walls,  stretches, 
and  lengthens  them.  At  a  later  period,  new  material  is 
formed  within  the  vessels,  which  blocks  up  the  affected 
capillaries.  Parallel  with  this  change  is  another  going  on 
in  the  capillaries  of  the  same  lung,  but  not  in  the  same 
diseased  part.  The  inner  walls  of  the  diseased  capillaries 
thicken  and  approach  each  other,  gradually  lessening  the 
calibre  of  the  tubes,  and  at  length  meet,  so  as  to  close  the 
capillaries ;  ultimately  all  the  capillaries  become  obstructed, 
and,  at  an  advanced  stage,  destroyed. 

The  air-cells  are  essentially  and  in  form  subdivisions  of 
the  capillaries  of  the  pulmonary  artery  and  re-meetings  in 
those  of  the  pulmonary  vein,  each  filamentous  wall  consists 
of  a  single  vessel,  and  each  related  webbed  wall  consists  of 
the  interlaced  capillary  branches  of  that  vessel. 

The  bronchial  tubes  and  the  walls  of  the  arteries  them- 
selves are  thickened  and  rendered  fibrous  by  the  new  diseased 
vascularity. 

The  Inflamed  Lung  is  Solid  and  unmoved  by  Respiration. — 
When  pneumonia  affects  the  whole  lower  lobe  of  a  lung,  that 
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Diagram  L.  5.— PNEUMONIA  OF  MIDDLE  AND  LOWER  LOBES  OF 

RIGHT  LUNG. 
M.  A.  Moore,  aged  27,  Patient  of  Dr.  Davidson. 


Comparison  with  Health. — The  afiected  lower  and  middle  lobes  of  the  right 
lung  permanently  amplified,  to  the  extent  of  a  very  deep  inspiration,  pp.  115-117, 
and  125;  Right  lower  ribs  raised  and  fixed,  p.  113  ;  Conjoined  sixth,  seventli, 
and  eighth  costal  cartilages  raised  ;  Right  bulge  of  diaphragm  lowered  and  motion- 
less, p.  117. 

I-I.  Summits  of  lungs.  2'.  Lower  edge  of  upper  lobe  of  right  lung  motion- 
less on  inspiration  ;  2.  Lower  edge  of  left  lung;  2a.  Lower  edge  of  left  lung  on 
deep  inspiration.  3.  Space  of  heart's  superficial  dulness,  displaced  a  little  to  the 
left  side  by  the  inflamed  lung,  p.  117  ;  3a.  Space  of  heart's  superficial  dulness  on 
deep  inspiration.  5.  Liver,  usually  more  pushed  downwards  and  to  the  left, 
p.  117. 

December  \^h,  1842. — Dulness  on  percussion  over  the  lower  and  middle  lobes 
of  the  right  lung  ;  over  the  lower  lobe,  inspiratory  and  expiratory  friction  sounds  ; 
asgophony,  from  co-existing  vocal  resonance  and  expiratory  friction  sound  modu- 
lating each  other  :  over  middle  lobe,  crepitating  rhonchus.  i^th.  Crepitating 
rhonchus  and  friction  sounds  exist  together.  16M.  Crepitations  coar.  er.  17///. 
Improvement  in  general  symptoms  ;  crepitation  everywhere  ;  friction  sound  only 
over  the  scapula. 
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lobe  is  rendered  solid  ;  the  parts  of  it  cannot  move  on  each 
other  ;  the  lower  part  of  the  chest  is  permanently  distended, 
being  quite  uninfluenced  by  the  respiratory  movements. 

State  of  the  Healthy  Lung. — The  perfect  rest  that  is  forced 
on  the  diseased  lung,  and  the  usually  increased  energy  of  the 
arterial  circulation,  calls  on  the  healthy  portion  of  the  diseased 
lung,  and  on  the  opposite  healthy  lung,  to  do  more  than 
double  duty.  The  healthy  lung  substance  is  consequently 
more  expanded  than  it  is  in  health,  though  the  expansion 
is  trifling  compared  to  that  of  the  diseased  portion  of  lung. 

The  depressions  over  the  lower  boundaries  of  the  healthy 
lung  and  heart  still  remain,  which  enable  us  to  compare  the 
healthy  with  the  present  diseased  seat  of  those  boundaries. 

The  lower  margin  of  the  left  lung  is  easily  ascertained  by 
relative  percussion  over  the  solid  lung  and  hollow  stomach. 

If  the  consolidation  be  complete,  and  affect  the  whole  base 
of  the  right  lung,  percussion  does  not  give  us  any  information 
as  to  the  seat  of  the  inferior  margins  of  the  lower  lobe.  The 
existence  of  characteristic  sounds  of  pneumonia  will  often 
indicate  this  margin ;  but  in  the  stage  of  complete  consoli- 
dation I  know  of  no  means  by  which  it  may  be  ascertained. 
In  diagram  L.  5,  there  was  crepitating  rhonchus  in  front  and 
friction  sound  behind  (see  the  case),  so  that  in  this  subject  it 
could  be  traced  with  some  degree  of  accuracy ;  but  I  have 
not  inserted  any  boundary  line,  as  it  must  have  been,  more  or 
less,  guessed  at. 

The  extent  to  which  the  heart  and  liver  are  displaced,  the 
expansion  of  the  walls  of  the  chest,  and  the  difference  in 
the  measurement  of  the  diseased  and  the  healthy  sides,  are 
the  most  serviceable  assisting  signs  next  to  the  sounds  on 
auscultation. 

An  accurate  knowledge  of  the  boundaries  of  the  lower  and 
middle  lobes  is  of  great  importance  in  examining  persons 
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the  subjects  of  pneumonia.  The  seat  of  those  boundaries, 
and  the  changes  effected  in  that  seat  by  a  deep  inspiration, 
and  in  pneumonia,  are  shown  in  Diagram  ii,  and  in  L.  5,  in 
which  the  upper  boundary  of  the  consolidated  middle  lobe 
is  indicated  by  the  lower  margin  of  the  resonant  portion  of 
the  right  lung. 

Percussion. — Percussion,  unaided  by  the  stethoscopic  signs, 
will  usually  inform  us  of  the  existence  of  pneumonia.  The 
dulness  is  complete  ;  and  as  the  disease  is  usually  confined  to 
one  lung,  the  contrast,  especially  on  a  deep  inspiration,  is 
pronounced. 

Respiratory  Sounds  and  Vocal  Resonance. — The  modifi- 
cation in  the  breathing  and  in  the  vocal  resonance  effected 
by  this  disease,  will  differ  in  different  stages. 

In  the  first  stage  of  increased  vascularity,  inspiratory  and 
expiratory  sounds  will  be  heard,  more  of  a  hissing  than  a 
murmuring  character. 

In  the  second  and  third  stages  of  almost  and  entirely 
clogged  capillaries,  without  effusion  of  soft  material  into  the 
cells,  but  where  they  are  doubtless  filled  by  a  thin  fluid 
secretion,  the  minute,  very  fine  crepitation  is  heard  at  the  end 
of  the  inspiration.  The  air  that  first  takes  its  course  into  the 
more  open  air-tubes  and  cells,  forces  itself,  in  the  state  of 
extreme  chest  distension,  through  the  thin  secretion  in  the 
diseased  tubes  and  air-cells  into  the  cells  superficial  to  them 
beyond,  which  are  expanded  by  the  inspiratory  action. 

In  the  fourth  stage,  where  the  cells  are  filled  with  a  diseased 
pulpy  excretion,  no  air  can  enter  them,  and  no  crepitation  is 
produced  ;  but  the  still  open  bronchial  tubes  convey  the 
respiratory  sounds  excited  in  the  larynx,  and  also  take  up  and 
convey  to  the  surface  the  vocal  vibrations.  As  the  bronchial 
tubes  are  better,  more  concentrated  conductors,  than  the 
areolar  lung  tissue,  the  respiration  is  bronchial  or  is  accom- 
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panied  with  abnormal  sounds,  and  the  vocal  resonance  is, 
perhaps,  louder  than  in  the  healthy  state  ;  at  all  events  it  is 
modified,  and  a  modified  sound  catches  hold  of  the  ear  and 
gives  it  the  impression  of  being  louder,  because  it  is  more 
remarkable. 

In  the  stage  of  perfect  hepatization  the  bronchi  are  no 
longer  open  tubes ;  the  respiratory  sounds  and  the  vocal 
resonance  are  no  longer  conducted  by  them  to  the  surface  ; 
there  is  a  dead  silence  over  the  whole  solidified  lung  structure, 
unless  motion  be  permitted,  when  friction  sounds  may  be 
excited  if  pleuritis  exist. 

In  the  stage  of  breaking  up,  if  the  broken-up  structure 
communicates  with  the  bronchial  tubes,  and  discharges  itself 
through  them,  then  various  mucous  noises  are  made.  If  the 
corruption  to  be  discharged  is  in  a  cavity  capable  of  inspira- 
tory distension,  gurgling  noises  are  present ;  if  an  empty 
cavity  is  formed,  there  is  cavernous  respiration,  and  the 
modification  of  vocal  resonance,  produced  by  the  accompany- 
ing hissing,  cavernous  expiration. 

Termination  in  Consolidation. — If  pneumonia  ends  in  perfect 
consolidation  there  will  be  neither  sound  nor  vocal  resonance, 
merely  dulness  on  percussion. 

The  above  is  merely  an  attempt,  on  deficient  evidence,  to 
connect  the  pathological  changes  with  the  changes  in  the 
respiratory  sounds  and  vocal  resonance. 

PLEURITIS. 

Pleuritis,  like  pneumonia,  leads  to  an  inspiratory  enlarge- 
ment of  the  chest ;  but  as  the  surface  only,  not  the  substance 
of  the  lung,  is  afTected,  the  lung  is  not  intersticially  enlarged 
to  any  extent  by  the  disease.  The  enlargement  in  the  early 
stages  of  pleuritis  is  not  nearly  .so  great  as  in  pneumonia! 
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Respiratory  Movejuents.—ln  pleuritis  the  walls  of  the  chest 
are  drawn  away  from  the  inflamed  lung  surface  ;  of  course 
that  surface  follows  ;  but  the  pressure  exerted  by  the  walls  of 
the  chest  is  diminished.  The  breathing  movements  are  not, 
as  in  pneumonia,  arrested,  though  they  are  much  diminished  ; 
the  respiration  still  goes  on,  though  with  less  respiratory 
variation  in  the  diseased  lung,  that  lung  being  constantly 
amplified  by  the  dilating  action  of  expanded  walls.  If  there 
were  no  motion  of  the  walls  of  the  chest  on  the  inflamed 
surface,  there  would  be  less  irritation  ;  but  if,  as  is  generally 
the  case,  the  pleuritis  should  go  on  to  form  adhesions,  then 
those  adhesions  would  be  short,  and  would  bind  the  lung 
close  to,  and  altogether  prevent  its  play  upon,  the  costal  walls. 
As  it  is,  the  adhesions  are  stretched  when  in  the  soft  forming 
state  by  the  breathing  movements ;  and  when  they  are 
established,  with  a  sound  lung  beneath,  they  form  long 
tendinous  fibres,  which  connect  the  lung  to,  and  allow  it 
considerable  play  upon,  the  walls  of  the  chest. 

Simple  Pleuritis. — Simple  pleuritis  is  a  very  frequent,  often 
an  unfelt,  disease  ;  but  pleuritis  is  more  frequent  still,  as  an 
accompaniment  to  other  diseases.  Most  of  the  diseases  of 
the  lungs  give  birth  to  pleuritis  ;  and  the  secondary  generated 
form  of  pleuritis  partakes  of  the  characteristic  nature  of  the 
primary  exciting  disease.  The  varieties  of  pleuritis  are  as 
numerous  as  the  diseases  that  excite  it. 

Simple  pleuritis  is  very  often  occasioned  by  exposure  of 
the  skin,  when  in  a  perspirable  or  susceptible  state,  to  cold  ; 
it  is  also  caused  by  extensive  injuries  to  the  skin,  as  in  burns, 
or  to  other  parts.  In  a  patient  that  died  27  hours  after 
being  burned  all  over,  there  were  minute  violet  spots,  like 
spots  of  violet  ink,  scattered  over  the  surface  of  the  base  of 
the  lung  and  fringing  its  margin.  After  minute  injection,  the 
lung  being  previously  soaked  in  water  to  allow  the  blood  in 
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the  vessels  to  exude  and  transude,  the  violet  spots  were 
found  to  consist  of  slightly  projecting  groups  of  crowded, 
exceedingly  minute,  twisted,  and  curved  capillaries,  inter- 
lacing in  every  direction,  and  originating  in  an  enlarged 
curved,  sub-pleural  capillary,  which  was  observed  to  project 
through  the  pleura. 

Microscopic  characters. — In  other  cases  of  simple  pleuritis 
I  have  noticed  the  following  appearances  under  the  micro- 
scope : — 

In  the  earlier  stages,  and  in  the  more  limited  forms  of 
disease — a  capillary  vessel  coursing  under  the  pleura,  much 
and  irregularly  enlarged  and  lengthened,  consequently  run- 
ning in  meandering  and  spiral  curves.  The  pleura  over  the 
capillary  was  thin  and  perfectly  transparent ;  the  healthy 
contiguous  capillaries  were  very  small,  and  just  seen  through 
the  opaque,  almost  aponeurotic,  pleura.  In  other  places* 
several  small  vessels  communicated  with  the  larger  vessel 
under  the  pleura ;  in  others,  as  in  the  case  of  death  from 
burning  just  described,  the  enlarged  old  capillary  gave  birth 
to  myriads  of  new  capillaries,  twisted  and  curbed  like  itself 

The  pleura  was  not  penetrated  nor  much  raised  ;  it  was 
very  thin,  and  bulged  up  in  points  by  the  enlarged  capillaries 
underneath. 

In  other  and  rather  more  developed  stages,  the  enlarged 
vessel  raised  the  pleura  so  far  as  to  force  itself  quite  above 
the  level  of  its  surface  ;  in  some  points  a  single  fine  new 
capillary  steps  out  from  below  the  pleura,  though  covered  by 
its  softened  texture,  in  which,  and  in  the  softened  structure  of 
the  capillary  walls,  it  takes  its  course,  gives  one  curve,  makes 
a  single  loop,  returns  through  the  pleura  to  its  former  level, 
and  re-merges  in  an  old  capillary.  In  others  there  are  several 
interlacing  loops  forming  a  single  violet  point  in  the  recent 
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lung.  In  others,  the  new  capillaries  form  very  numerous 
interlacements,  occupy  a  wider  and  more  raised  area,  fill  a 
raised  web  of  new  vascular  structure,  running  in  a  soft 
transparent  membrane  ;  they  gradually  coalesce,  still  inter- 
lacing, and  re-merge  in  one  or  more  enlarged  old  capillaries, 
which  sink  below  the  surface  of  the  pleura  and  join  the 
healthy  vessels.  In  others,  the  groups  are  much  more 
extensive  and  more  raised,  forming  in  the  recent  subject 
what  are  styled  shreds  of  lymph  or  layers  of  false  mem- 
brane. 

Vascular  Filaments. — In  other  parts,  a  bundle  of  new  cap- 
illaries, not  tortuous,  but  running  straight,  parallel  with  each 
other,  interlacing  at  right  angles,  rises  quite  away  from  the 
pleura,  and  forms  a  free,  highly  injected  filament,  which  lies 
loose  upon  the  surface  of  the  pleura  for  a  space  varying  from 
a  line  to  one  or  two  inches  in  length  ;  the  distant  end  adheres 
to  another  portion  of  the  pleura  ;  there  the  new  capillaries 
pass  again  below  its  surface  to  join  the  healthy  vessels.  These 
raised  vascular  filaments  are  most  frequently  observed  where 
the  edges  of  two  lobes  come  together;  the  new  bundle  of 
capillaries  from  one  lobe  meets  a  like  band  from  the  adjoining 
lobe  ;  they  coalesce  and  form  a  vascular  thread  linking  the 
two  lobes.  Where  the  opposed  surfaces  of  the  two  lobes 
meet  they  are  united  by  an  universal  interchange  of  new 
capillaries,  circulating  from  the  old  capillaries  of  one  lobe  to 
the  old  capillaries  of  the  other.  Each  lobe  at  first  throws  out 
the  new  capillaries  above  the  surface  independently ;  the  soft 
plastic  structures  in  which  the  capillaries  wander  project  from 
each  side,  meet,  and  coalesce,  and  the  capillaries  from  the 
two  sides  mingle  blood,  forming  one  set  of  new  interchanging 
vessels,  instead  of  two  advancing  new  sets.  The  movements 
of  respiration  cause  the  opposed  lobes  to  slide  on  each  other  ; 
after  the  opposite  new  capillary  bundles  meet  and  form  soft 
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vascular  threads,  the  respiratory  movements  stretch  and 
lengthen  those' threads. 

Pleuritic  Adhesions. — When  the  costal  pleura  is  inflamed 
and  the  new  soft  structure  from  the  pulmonic  meets  with 
that  from  the  costal  pleura,  they  join,  their  capillaries  inter- 
lace, they  make  one  plastic  web,  which  is  perpetually  and  at 
all  points  being  stretched  by  the  respiratory  gliding  move- 
ments; this  originally  equal  couch  becomes  stretched  into 
long  filamentous  bundles  of  new  straight  capillaries  that  lie 
side  by  side.  When  two  small  patches  coalesce,  the  structure 
is  stretched  into  distinct,  loose,  floating  vascular  threads  ; 
sometimes  these  threads  stretch  the  full  length  and  remain 
entire,  forming  connecting  threads  between  the  opposed  sur- 
faces. Generally  the  vascular  uniting  threads  are  stretched 
until  their  structure  becomes  so  fine  that  it  gives  way,  and 
then,  as  the  adjoining  filaments  have  interlaced  and  been 
linked  together  in  loops  here  and  there,  there  lies  upon  the 
surface  of  the  pleura  a  number  of  highly  vascular  and  new 
filaments,  looping  variously  with  one  another,  often  in  re- 
markable interlacing  branches.  Nothing  is  more  beautiful 
than  these  new  trees  of  vessels,  that  have  risen  from  two 
opposed  roots,  linked,  been  stretched,  subdivided,  attenuated, 
and  at  length  separated  by  the  force  that  has  produced 
(stretched)  them ;  these  two  opposite  systems  of  ramifying 
vascular  filaments,  replacing  the  vascular  couches  that  at  first 
glued  together  the  opposed  surfaces.^ 

The  lower  margins  of  the  lung,  and  the  meeting  edges  of 
the  lobes,  are  the  parts  of  the  lung  most  liable  to  the  form- 
ation of  pleuritic  capillaries  ;  there  are  these  coalitions  most 

*  I  have  never  injected  the  [vessels  supplying  the  costal  pleura  ;  what  I 
have  said  with  regard  to  costal  pleuritis  is  an  inference— I  think  a  legiti- 
mate inference— from  what  I  have  seen  with  regard  to  pulmonary 
pleuritis. 
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frequent :  over  these  points  simple  pleuritis  first  shows  itself, 
and  there  are  the  indicating  friction-sounds  most  frequently 
heard.  If  the  extent  of  the  opposed  pleuritic  surfaces  be 
great,  the  soft  new  structures  stretch  one  another,  and  in 
parting  form  a  surface,  shaggy  from  piles  of  raised  soft  villous- 
looking  prominences  ;  these  are  of  the  same  character  on  the 
costal  and  on  the  contiguous  pulmonic  pleura. 

When  the  pleuritis  is  very  extensive,  arising  from  universal 
outward  irritation,  or  the  eccentric  spreading  of  inward  special 
inflammation,  the  whole  surface  is  covered  with  a  vascular 
couch,  the  injected  capillaries  of  which  are  usually  irregularly 
large,  tortuous,  and  interlacing.  The  surface  is  usually  raised 
in  short  elongated  ridges,  like  the  waves  in  the  sea  sand, 
owing  apparently  to  the  rippling  up  of  the  surface  caused  by 
the  motions  of  respiration  ;  the  ripple  runs  across  the  direc- 
tion of  the  respiratory  motion.  If  the  costal  pleura  be  in 
like  manner  affected,  the  opposing  ripples  rub  upon  each. 
In  these  circumstances  loud,  smooth,  to-and-fro  respiratory 
friction-sounds  are  heard. 

In  all  those  cases  of  pleuritis  where  the  structure,  bearing 
new  capillaries,  rises  above  the  surface  of  the  pleura,  that 
structure  may  be  torn  away  in  webs  from  the  cellular  surface 
beneath.  In  doing  so  the  enlarged  capillaries  springing  from 
healthy  capillaries  are  torn  across,  and  numerous  open  mouths 
are  left  on  the  inflamed  surface.  This  exposed  surface  is  not 
properly  the  old  serous  covering  of  the  pleura,  but  is  the 
fibrous  or  aponeurotic  structure,  over  which  the  serous  cover- 
ing was  spread. 

The  old  serous  surface  is  lifted  up  on  the  top  of  the  new 
vascular  structure,  and  partakes  of  its  softening ;  the  so- 
called  lymph  is,  then,  a  new  vascular  structure;  that  is,  an 
extension,  development,  undefined  prolongation,  and  branch- 
ing of  the  old  vascular  structure.    It  is  covered  and  kept  in 
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such  form  as  it  has,  by  the  old  serous  investment,  though  that 
investment  is  involved  in,  and  alike  in  quality  with,  the  new 
structure.  Where  opposite  surfaces  of  new  vascularity  meet 
and  coalesce,  there  each  serous  membrane  is  fused  in  the 
structure,  and  is  immediately  pierced  by  the  capillaries  that 
before  turned  back  and  looped  when  they  approached  it. 

The  aponeurotic  pleura  beneath  the  new  capillary  couch 
often  partakes  of  the  diseased  capillary  condition ;  the 
tendinous  fibres  are  forced  up  and  aside,  and  the  whole 
structure  is  thickened  by  the  newly-developed,  tortuous 
capillaries. 

Stage  of  Condensation. — After  the  new  tissue  is  fully  de- 
veloped by  the  prolonged,  infinitely  ramifying,  interlacing 
capillaries,  the  softness  and  transparency  of  that  tissue  gives 
place  to  a  gradually  increasing  closeness,  firmness,  and  opa- 
city. The  structure  gradually  contracts,  and  new  tissue  is 
formed  in  the  inner  walls  of  the  capillaries  ;  these  walls  gra- 
dually approach  and  narrow  the  tubes,  they  fine  off,  and  at 
length  the  opposing  walls  meet  and  obliterate  the  capillaries. 
The  tissue  now  becomes  dense,  white,  and  tendinous ;  in 
many  parts  quite  void  of  vessels  ;  in  others,  vessels  run  the 
length  of  the  fibres  ;  the  interlacing  vessels  are  obliterated. 
I  have  noticed  in  some  specimens,  where  the  transparent  vas- 
cular was  changing  to  the  hard  tendinous  structure,  that  the 
injection  suddenly  stopped,  and  a  few  grains  of  injected  ma- 
terial forced  its  way  into  the  effused  secretion,  filling  and 
blocking  up  the  vessel.  I  am  disposed  to  think  that  this 
filling  up  coincides  with  the  further  narrowing  process  in 
most  cases  of  consolidation  of  tissue ;  but  observations  are 
required  to  settle  this  point. 

The  formed  adhesions  have  the  same  prolonged  tendinous 
character  that  I  have  just  described  ;  the  filaments  drawn  out 
in  the  vascular  state  become  condensed  tendinous  fibres. 
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Formation  of  thick  tendinous,  cartilaginous,  and  bony  patches. 
— Sometimes,  while  the  new  superficial  couch,  'on  which  are 
spots  of  vascularity,  is  hardened,  solid,  and  tendinous,  new 
capillary  growth  goes  on  underneath  ;  the  solid  new  structure 
can  be  easily  torn  from  the  deeper  active  vascularity.  The 
structure  of  the  new  deeper  vessels,  as  they  have  finished 
their  development,  contracts,  the  vessels  are  filled  up  and 
obliterated,  and  form  new  tendinous  fibres  that  combine  with 
and  thicken  the  superficial  tendinous  couch.  The  whole  mass 
goes  on  thickening  sometimes  to  an  enormous  extent ;  its  sur- 
face becomes  hard,  cartilaginous,  and  at  length  bony ;  and  I 
doubt  not  the  change  of  cell-structure  peculiar  to  the  forma- 
tion of  healthy  cartilage  and  bone  is  followed  up  here. 

The  Pleura  tendinous  ;  the  development  of  its  new  vascularity 
also  tendinous. — The  vessels  of  pleuritis  spring  from  a  tendi- 
nous tissue,  and  their  final  development  is  tendinous  ;  the 
same  obtained  in  the  vascular  development  in  the  walls  of  the 
pulmonary  artery  in  pneumonia,  There  was  no  difference  be- 
tween the  white  tendinous  structure  that  replaced  the  vascular 
tissue  in  or  upon  the  pleura  in  one  case,  and  in  or  upon  the 
coats  of  the  artery  in  the  other. 

Brozun,  shaggy,  uninjectable  Membrane. — There  is  frequently 
a  soft,  sometimes  hard,  darkish  brown,  uninjected  covering, 
over  a  well-established,  highly  vascular  new  tissue.  I  have 
not  had  an  opportunity  of  seeing  the  manner  in  which  this  is 
formed  ;  perhaps  it  is  the  deposit  from  the  pleuritic  effusion  ; 
it  is  usually  rough,  villous,  or  shaggy,  and  the  costal  and  pul- 
monic pleura  have  corresponding  rough  surfaces  where  they 
meet  ;  but  I  think  these  membranes  of  new  texture  have 
been  formed  in  the  same  manner  with  the  tendinous  mem- 
branes and  patches  on  the  pleura. 

Origin  of  Pleuritis  from  other  diseases.  —  Pleuritis  often 
arises  from  the  extension  of  inflammation  existing  in  the 
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fibro-scrous  membrane  of  an  adjoining  cavity,  such  as  that 
of  the  pericardium,  of  the  opposite  pleura,  and  of  the  peri- 
toneum. The  fibrous  or  muscular  structure  between  the  in- 
flamed and  sound  serous  covering,  takes  on  the  inflamed 
action  and  gives  it  over  to  the  healthy  serous  covering ;  this 
produces  irritating  secretion  and  excites  inflammation  in 
the  opposed  pleura  covering  the  contiguous  lung.  The 
pleuritisthus  arising  does  not  differ  in  character  from  simple 
pleuritis. 

Complication  with  Bronchitis,  Emphysema,  Pneumonia  and 
Phthisis. — Inflammation  of  the  pleura  often  results  from  the 
extension  of  some  deeper  lung  disease.  The  character  of  the 
pleuritis  so  produced  closely  resembles,  and  is  usually,  in 
general  principles,  identical  with  that  of  the  primary  exciting 
affection. 

Bronchitis  is  often  accompanied  by  pleuritis,  that  diff"ers  in 
no  marked  circumstance  from  the  simple  affection. 

In  emphyserna  pleuritis  is  very  frequent.  The  new  capil- 
laries spring  generally  from  straight  or  slightly  curved  equally 
enlarged  old  capillaries,  and  interlace  with  each  other  at  right 
angles,  or  in  slight  curves  ;  they  are  v&ry  small,  and  nearly  of 
equal  calibre ;  they  do  not  form  elevated  groups,  but  arc 
usually  almost  flat ;  they  become  obliterated  by  the  walls  of 
the  tubes  gradually  approaching  and  meeting.  These  cha- 
racters agree  with  those  of  the  capillary  changes  of  emphy- 
sema. The  new  dense  membrane  formed  is  usually  not 
very  thick. 

In  pneumonia,  as  we  have  seen,  the  vessels  on  the  pleuritic 
surface  were  like  those  on  the  affected  bronchial  tube,  tortuous, 
not  raised.  Where  the  inflamed  structure  of  the  lung  had 
advanced  to  the  stage  of  hepatization,  the  pleuritis  had  ad- 
vanced to  the  formation  of  tendinous  membrane,  free  from 
vessels. 
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We  shall  observe  that  in  phthisis  the  co-existing  pleuritis 
has  the  same  general  character  as  the  disease  exciting  it. 

Distribution  of  the  Capillaries. — The  degree  of  softening  or 
alteration  in  the  tissue  forming  the  capillaries  rules  the  degree 
of  distension,  twisting,  looping,  and  irregularity  in  the  distri- 
bution of  the  capillaries  in  that  tissue.  All  the  minute 
myriads  of  new  prolonged  capillaries  have  exactly  the  same 
form  of  walls  and  line  of  direction  that  the  parent  capillary 
has.  If  the  parent  capillary  be  straight  and  have  walls  of 
equal  diameter,  the  new  capillaries  run  in  a  straight  direction 
and  ramify  and  interlace  at  right  angles,  and  the  group 
formed  by  them  is  not  much  elevated.  If  the  parent  vessel 
be  equal  in  diameter  and  proceed  in  a  curve,  the  new  minute 
capillaries  course  and  interlace  in  curves  also.  If  the  parent 
vessel  be  irregularly  large,  now  small,  now  bulging,  tortuous, 
meandering,  spiral,  and  rising  in  loops,  the  new  minute  capil- 
laries have  exactly  the  same  form  and  direction  ;  their  inter- 
laced groups  consist  each  of  a  raised  irregularly  bulging 
network  of  tortuous,  spiral  capillaries.  The  current  and 
course,  then,  of  the  parent  capillary  gives  the  law  to  the 
current  and  course  of  the  new  capillaries.^ 

^  I  quote  the  following  from  Dr.  Hodgkin's  Lectures  on  the  Morbid 
Anatomy  of  the  Serous  Membranes: — 

"  When  the  false  membranes  have  been  organized  for  a  short  time,  they 
are  reddened  by  the  innumerable  minute  vessels  which  they  contain  ; '' 
"  The  existence  of  vessels  in  false  membranes  was  first  pointed  out  by 
StoUe.  Dr.  Baillie  injected  them ;  and  Dupuytren  appears  to  have  done 
the  same,  without  the  knowledge  of  what  Baillie  had  done.  Villermd 
says,  that  in  the  third  stage  they  may  be  injected  with  mercury,  but  not 
with  other  materials.  I  believe,  on  the  contrary,  that  they  will  admit  of 
fine  size  injection  at  a  very  early  period."    P.  49. 

"  Though  I  see  no  room,  therefore,  to  doubt  for  a  moment  the  source 
whence  the  new  vessels  are  derived,  we  are  very  much  in  the  dark  as  to 
the  mode  in  which  the  formation  takes  place."— "My  own  opinion  is, 
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Enlargement  of  the  Affected  Side. — The  aficctcd  side  is 
not  so  much  larger  than  the  sound  side  in  pleuritis  as  in 
pneumonia ;  the  edges  of  the  lung  do  not  descend  so  low. 

Effusion  of  Flnid  into  the  Cavity  of  the  Pleura. — In  pleuritis 
an  excess  of  serous  fluid  quickly  accumulates  in  the  cavity. 
In  such  cases  (Diagrams  17  and  L.  6)  the  walls  of  the  chest 
are  pushed  out  in  strict  proportion  to  the  quantity  of  fluid 
collected  ;  the  lung  is  compressed  backwards,  and  to  the 
centre  against  its  bronchial  attachment.  The  heart  is  pushed 
over  to  the  opposite  side.  If  the  collection  be  on  the  left 
side  the  impulse  is  felt  in  the  epigastrium,  the  apex  (Diagram 
17)  pointing  there.  If  the  right  side  be  distended,  the  apex 
presents  between  the  sixth  and  seventh,  or  seventh  and 
eighth  left  ribs.  The  distended  cavity  encroaches  on  the 
sound  cavity  behind  the  sternum,  as  in  Diagram  L.  6. 

The  abdominal  organs  are  displaced  downwards  and 
towards  the  healthy  side.  If  the  left  side  be  affected, 
(Diagram  17),  the  stomach  and  spleen  are  pushed  downwards 
and  to  the  right,  occupying  the  centre  of  the  abdomen  ;  if 
the  right  side  be  affected,  (Diagram  L.  6,)  the  liver  is  pushed 
downwards  and  to  the  left,  quite  below  the  costal  cartilage, 
behind  the  muscular  walls  of  the  abdomen. 

that,  at  the  inflamed  part,  the  minute  blood-vessels  not  merely  become 
distended,  but  that  their  delicate  parietes,  and  the  structure  through 
which  they  ramify,  become  softened,  and,  yielding  to  the  pressure  of  the 
blood  in  the  distended  vessels,  give  way  at  numerous  minute  points." — 
"  These  spots,  which  are  at  first  irregular,  afterwards  have  a  dendritic 
appearance  ;  and  extending  in  length,  they  become  vessels.  These 
vessels  being  feebly  supported,  are  distended  and  larger  than  those  in  the 
original  structure  from  which  they  proceed  :  hence  the  redness  of  newly 
organized  false  membranes.  At  a  subsequent  period  these  vessels  con- 
tract, and  may  become  nearly  or  quite  invisible."— P.  50.  See  at  p.  55 
the  contraction  and  obliteration  of  the  new  vessels  described  as  giving 
place  to  induration. 
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Diagram  17.— PLEURITIC  EFFUSION  ON  LEFT  SIDE, 

James  Alexander,  aged  36,  a  Dissolute  Actor  ;  Patient  of  Dr. 
Williams.   Phthisis  and  Pleuritic  Effusion. 


I.  Right  lung;  i'.  Left  lung,  upper  lobe.  ig.  Left  lung,  lower  lobe  condensed 
by  the  efTusion.  2.  Pleura  and  diaphragm  pushed  do\\'n  by  pleuritic  effusion. 
3.  Pleuritic  effusion.  4.  Right  ventricle.  5.  Left  ventricle.  6.  Right  auricle. 
7.  Aorta.    8.  Pulmonaiy  artery.    9.  Liver,    10.  Stomach.    II.  Spleen, 

Weight  of  Organs. — Right  lung,  26  ounces  ;  left  lung,  28  ditto  ;  heart,  10 
ditto;  liver  61  ditto;  spleen,  4^  ditto;  pancreas,  4  ditto;  both  kidneys,  12 
ditto. 

Upper  lobe  of  left  lung  adherent ;  consolidated  by  tubercles  ;  contained  vomicae  ; 
effusion  (more  than  a  quart)  in  the  left  pleuritic  cavity,  condensing  the  lower  lobe 
of  the  left  lung,  pushing  the  heart  to  the  right  side,  and  the  diaphragm  downwards, 
thus  displacing  downwards  to  the  right  the  stomach  and  spleen  ;  right  lung  large  ; 
a  few  tubercles  ;  two  ounces  of  fluid  in  the  pericardium,  p.  137, 
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Distension  from  Pleuritic  Effusion  contrasted  with  that 
from  Pneumonia. — In  distension  of  the  chest  from  pleuritic 
effusion  the  intercostal  spaces  are  on  a  level  with  the  ribs. 
In  pneumonia,  the  distension  of  the  chest  and  the  displace- 
ment of  the  viscera  are  identical  with  the  distension  and 
displacement  from  a  deep  inspiration.  In  pleuritic  effusion 
of  fluid  or  air  the  distension  is  in  every  direction  ;  the  bulging 
does  not  take  on  the  form  of  the  lungs,  but  it  presents  a 
general,  somewhat  globular  distension.  The  superior  ribs 
are  separated  from  each  other  ;  in  pneumonia  they  approach. 
In  pleuritic  effusion  the  mediastinum  and  heart  are  thrust 
over  to  the  opposite  side  ;  in  pneumonia  the  displacement 
of  the  mediastinum  and  heart  is  comparatively  slight.  In 
pleuritic  effusion  of  the  right  side  the  lower  edge  of  the  liver 
is  pushed  down  considerably  below  the  eleventh  rib  ;  the 
whole  liver  in  extreme  cases  is  thrust  down  from  behind  the 
cartilages  of  the  ribs.  In  pneumonia  the  lower  portions  of 
the  liver  alone  protrude  beyond  the  cartilages,  the  bulk  of 
the  organ  being  still  behind  them. 

The  displacements  from  effusion  of  air  into  the  pleural 
cavity  are  the  same  with  those  from  effusion  of  fluid. 

Percussion, — Percussion  over  the  pleuritic  lung  is  usually 
quite  as  resonant  as  it  is  over  the  healthy  lung ;  I  have 
observed  it  to  be  even  more  resonant.  The  surface  of  the 
lung  is  less  resonant,  from  slight  condensation  in  the  texture, 
than  it  is  in  health.  The  increase  in  the  volume  of  the  lune. 
owing  to  the  universal  expansion  of  the  affected  side  of  the 
chest,  compensates  for  the  dulness  that  the  comparatively 
slight  consolidation  over  the  lung  would  occasion. 

When  the  lung  is  compressed  by  effused  fluid  the  resonance 
is  diminished.  The  lung  gives  birth  to  a  dull  sound  on  per- 
cussion compared  with  the  resonance  over  the  healthy  lung, 
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Diagram  L.  6.— PLEURITIC  EFFUSION  ON  RIGHT  SIDE. 
John  Rockley,  aged  i8,  Patient  of  Mr.  Attenburrow  ;  Tumour 

OCCUPYING  the  right  SIDE  OF  THE  CHEST. 


Comparison  with  Health. — The  side  on  which  is  the  efiusion  unusually  dis- 
tended ;  the  upper  ribs  and  tlieir  cartilages  separated  ;  the  ribs  immoveable  ;  the 
lower  costal  cartilages  raised,  p,  137. 
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but  a  resonant  sound  compared  with  the  duhicss  over  the 
effusion. 

Respiratory  Sounds. — The  surface  of  the  lung  loses  its 
smoothness  in  the  early  stage  of  pleuritis.  The  enlarged 
capillaries  raise  and  roughen  the  surface  of  the  pleura.  A 
faint  friction-sound  is  excited  in  this  stage,  louder  on  inspira- 
tion than  expiration. 

When  the  new  vascular  membranes  form  elevations  on  the 
surfaces  of  the  opposed  pleurae,  the  friction-sounds  become 
loud ;  the  noise  usually  resembles  the  blowing  of  the  blast 
bellows,  or  the  sound  excited  by  whispering  into  the  ear,  or 
by  loud  laryngeal  respiration.    The  expiratory  sound  differs 
little,  either  in  loudness,  intensity,  or  quality,  from  the  inspi- 
ratory sound  ;  it  gives  the  impression  of  the  current  of  sound 
taking  the  opposite  direction.     These  sounds  quite  mask  the 
respiratory  sounds.    When  the  patient  whispers  the  expira- 
tory sound  is  heard  ;  the  whisper  appears  to  proceed  from 
exactly  below  the  ear ;  when  he  speaks,  pectoral  resonance 
and  vocal  vibrations  are  excited  in  the  walls  of  the  chest. 
The  pectoral  resonance  on  the  sound  and  diseased  sides  does 
not  differ  materially;  if  anything,  the  resonance  is  loudest 
over  the  pleuritic  lung,  when  there  is  no  effusion;  as  that 
lung  is  the  largest,  the  volume  of  the  vibrating  mass  of  lung 
is  increased. 

Pectoral  Resonance  ;  ^gophony. — The  pectoral  resonance 
is  accompanied  by  the  whispering  friction-sound  ;  the  two 
sounds  are  heard  together,  just  as  the  drone  and  the  notes 

I,  Dorsal  or  lower  view ;  the  condensed  right  lung,  over  which  friction-sounds 
and  segophony  were  heard,  \a.  The  lower  boundaries  of  the  effusion,  i'.  The 
left  lung  much  encroached  upon  and  compressed  by  the  effusion  ;  to  make  up  for 
the  lateral  compression  it  is  developed  downwards.  \b.  The  bounds  of  the  left 
lung  some  days  later  when  the  effusion  was  increased  ;  the  heart  is  displaced  down- 
wards and  to  the  left.  d,a.  Deep  bound  of  the  heart.  5.  Liver  displaced  down- 
wards and  to  the  left.    7.  Spleen. 
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of  the  bagpipe  are ;  the  person  seems  to  be  whispering  and 
speaking  into  the  ear  at  the  same  time  ;  a  pecuHar  tremulous 
or  bleating  vibration  is  produced,  in  fact,  aegophony. 
Towards  the  end  of  each  word  the  vocal  vibrations  die  away, 
and  then  the  smooth  whispering  sound  is  easily  distin- 
guished ;  it  is  at  first  almost  drowned  by  the  more  noisy 
vocal  vibration ;  but  it  continues  when  that  noise  has  lulled 
or  ceased,  and  it  is  towards  the  end  of  each  word  quite 
palpable. 

Where  fluid  is  effused  the  vocal  vibrations  and  the  friction- 
sounds  are  not  produced.  As  effused  fluid  pushes  the  lung 
upwards,  backwards,  and  inwards,  the  condensed  lung  lies 
just  in  front  of  the  posterior  angles  of  the  ribs,  and  there  it 
is  resonant  on  percussion,  in  comparison  with  the  dull  sound 
elicited  over  the  effusion ;  though  it  conveys  a  dull  sound, 
owing  to  the  condensation  of  the  lungs'  tissue,  when  com- 
pared with  the. resonance  over  the  healthy  lung. 

The  vocal  vibrations  and  pectoral  resonance  are  feebler 
over  the  condensed  than  they  are  over  the  healthy  lung ;  but 
they  still  exist.  The  friction-sound  is  still  heard  over  the 
condensed  lung,  and  the  lower  margin  of  this  lung  can  be 
traced  by  this  sign  ;  the  contrast  between  the  comparative 
silence  over  the  effusion  and  the  loud  friction-sound  over  the 
lung  being  marked.  The  whispering  expiratory  friction- 
sound  is  heard  along  with  the  pectoral  vibrations  ;  as  the 
latter  are  not  overwhelmingly  loud,  the  former  is  distinct  and 
modulates  markedly  the  stamp  of  the  resonance,  which  has  a 
more  bleating  character  in  this  stage  than  it  has  where  there 
is  no  effusion. 

I  have  never  heard  any  sound  over  the  seat  of  effusion 
excepting  the  transmitted  unmodified  friction-sound.  I  can- 
not see  how  a  thin  layer  of  fluid  can  give  rise  to  a  bleat- 
in""  noise ;  the  friction-sound  must  cease  if  there  be  a  thin 
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layer  of  fluid  ;  and  in  every  bleating  noise  that  I  have  heard 
there  was  the  modulating  combination  of  vocal,  pectoral 
resonance,  and  whispering  friction-sound.  But  I  do  not 
believe  that  a  very  thin  layer  of  fluid  ever  has  place  between 
the  lung  and  the  walls  of  the  chest  over  the  dorsum,  unless 
some  peculiarity  of  adhesions  binds  the  lung  in  one  place. 
The  whole  bulk  of  the  lung  is  compressed,  and  that  steadily 
backwards,  inwards,  and  upwards  ;  the  thinnest  layer  of  fluid 
must  be  at  a  little  distance  from  the  spine.  Where  the 
convexity  of  the  lung  and  the  concavity  of  the  chest  leave 
each  other  there  must  be  a  wedge-shaped  portion  of  fluid  ; 
but  the  bleating-sound  is  nearer  the  spine  than  this 
point. 

After  the  vascular  stage  gives  birth  and  place  to  the 
tendinous,  the  roughened  surface  will  still  cause  a  friction- 
sound,  though  not  with  the  loudness  and  intensity  of  the 
vascular  friction-sound.  As  the  tendinous  coat  becomes 
perfectly  dense,  its  surface  becomes  nearly  smooth,  it  is  only 
slightly,  microscopically  rippled,  and  the  friction-sounds  are 
no  longer  created. 

Faint  Friction  Sounds. — Besides  the  loud,  coarse,  and  very 
audible  friction-sound  just  described,  there  are  several  less 
noisy,  less  marked  degrees  or  varieties.  There  is  often  a 
coarseness  of  respiratory  noises  produced  by  pleuritis,  louder 
on  inspiration  than  expiration,  but  audible  with  both.  The 
pectoral  resonance  drowns  it,  but  with  a  whisper  it  is  per- 
fectly audible. 

These  fainter  friction-sounds  are  usually  heard  over  the 
lower  margins  of  the  lung  or  the  divisions  of  the  lobes  ;  they 
can  be  readily  distinguished  at  the  base  of  the  lung,  as, 
although  only  a  little  louder  or  more  hissing,  less  murmuring 
than  the  respiratory  murmur  at  the  upper  part  of  the  lung, 
thc)'  arc  noisy,  compared  with  the  very  feeble  inspiratory 
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sound,  and  with  the  freedom  from  expiratory  sound  over  the 
lower  part  of  the  chest. 

Modification  by  complication  of  Pleuritis  with  other  diseases. 
— As  nearly  all  the  diseases  of  the  lungs  are  or  may  be 
attended  by  pleuritis,  and  as  the  character  of  the  new 
vascular  formation  differs  in  each  disorder,  a  slight  modifica- 
tion of  friction-sound  must  exist  in  and  characterise  each 
disease. 

In  emphysema  I  have  never  satisfactorily  heard  friction- 
sound  ;  it  is  disputable  whether  the  hissing  noise  over  the 
greatly  dilated  marginal  cells  be  due  to  friction-sound  or  to 
the  entrance  of  air  through  narrow  openings  into  large  sacs. 
I  conceive  the  latter  to  be  the  usual  cause ;  but  as  pleuritis 
does  exist  in  many  cases  of  emphysema,  and  leaves  its  traces 
in  thickening,  and  is  present  actively  in  small  patches,  there 
must,  in  such  cases,  be  a  friction-sound  excited ;  as  the 
pleura  is  scarcely  roughened,  the  friction-sound  must  be 
slight. 

Pneumonia  (Diagram  L.  5)  is  usually  attended  by  pleuritis, 
and  at  an  early  stage  the  friction-sound  of  pleuritis  may 
doubtless  be  heard  ;  but  the  pneumonic  lung  is  generally 
quite  at  rest,  unmoved  by  respiratory  actions ;  and  as  there 
is  no  friction  between  the  surfaces,  there  can  be,  of  course, 
no  friction-sound.  As  the  new  vascularity  of  pneumonic 
pleuritis  does  not  cause  much  roughness  of  surface,  any  re- 
spiratory rubbing  of  the  opposed  surfaces  of  the  pleura 
that  may  exist  cannot  excite  a  very  loud  friction-sound. 

It  certainly  requires  explanation  why  crepitating  noises  are 
so  seldom  accompanied  by  friction-sound.  May  it  not  be 
that  at  an  early  stage  the  friction-sound  frequently  does  exist, 
and  is  either  not  subjected  to  examination  or  that  the  so-called 
"puerile  respiration"  may  be  the  modulated  friction-sound  of 
very  early  pneumonia. 
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Phthisis  never  goes  through  its  stages  without  attendant 
pleuritis,  going  the  length  of  adhesions.  Very  often  the  lung 
that  is  in  the  least  advanced  stage  gives  evidence  of  pleuritis 
by  a  modified  friction-sound  over  the  upper  part  of  the  chest. 
This  is  often  styled  "puerile  respiration,"  and  it  closely 
resembles  it. 

Over  the  body  of  the  lung,  when  tuberculous  consolidation 
takes  place,  friction-sounds  are  very  palpable ;  but  they  do 
not  usually  produce  the  loud  whispering  friction-sound,  but 
a  gentle  hissing  noise,  fainter  on  expiration  than  on  inspira- 
tion, but  audible  when  the  patient  whispers. 

When  adhesions  take  place  all  friction-sounds  cease  over 
and  in  the  neighbourhood  of  the  adhesions.  If  we  find  in 
the  progress  of  a  case  sudden  disappearance  of  friction- 
sounds,  we  are  pretty  well  assured  that  adhesions  have  just 
taken  place. 

DISEASES  IN  WHICH  THE  BULK  OF  THE  AFFECTED  LUNG 

IS  LESSENED. 

PHTHISIS.  (DIAGRAMS  1 6,  1 8,  AND  L.  6.) 

"Where  phthisis  is  so  far  advanced  as  to  be  recognised,  the 
affected  part  of  the  lung  is  lessened  ;  where  both  lungs  are 
diseased,  that  portion  is  the  smallest  that  is  in  the  most 
advanced  stage  of  the  disease. 

Besides  the  lessening,  either  from  contraction  or  want  of 
inspiratory  enlargement,  the  whole  volume  of  the  lungs  is 
usually  diminished.  The  rule  that  the  bulk  of  the  portion  of 
lung  affected  with  phthisis  is  lessened,  is  not  invariable. 

Respiratory  Play  of  the  Lung  lessened. — The  play  of  the 
affected  portion  of  the  lung  is  diminished  ;  the  diseased  por- 
tion of  the  lung  does  not  expand  so  much  during  inspiration 
as  the  healthy  portion.    The  more  advanced  the  stage  of  the 
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disease  the  less  moveable  is  the  diseased  portion,  up  to  the 
stage  of  destruction  and  evacuation  of  the  morbid  structure 
and  the  formation  of  a  cavity,  when  this  cavity,  not  the 
diseased  structure,  has  a  play  of  expansion  and  contraction 
during  the  like  play  of  the  chest  in  breathing. 

Tubercles  Seated  in  all  Textures. — Tuberculous  structure, 
whether  in  a  miliary,  granular,  or  diffused  form,  is  seated  in 
every  component  texture  of  the  lung,  whatever  part  of  the 
lung  be  diseased. 

Tubercles  are  formed  in  the  coats  of  the  pulmonary  artery, 
in  the  walls  of  the  bronchial  tubes  ;  they  infest  the  air-cells, 
and  are  seated  in,  upon,  and  under  the  pleura  ;  the  disease  is 
the  same,  wherever  the  seat.  If  the  tubercles  be  miliary  or 
granular  in  the  air-cells,  they  are  respectively  miliary  or  gran- 
ular on  the  serous  and  mucous  surfaces,  and  in  the  coats  of 
the  pulmonary  artery. 

Minute  Granules. — There  are  scattered  over  all  and  in 
every  texture  of  the  affected  part  of  the  lung,  numerous 
small,  bright,  minute  spots  ;  they  give  an  effect  as  if  the  lung 
had  fallen  upon  some  very  white,  bright-particled  sand  ;  so 
universally  are  they  scattered  in  some  specimens  that  the 
lung  seems  sprinkled  with  diamond  dust. 

These  microscopic  granules  are  seated  in  the  capillary  struc- 
ture of  the  air-cells ;  on  the  mucous  surface,  and  in  the  walls 
of  the  bronchial  tubes ;  on  the  inner  lining  of  the  pulmonary 
artery,  and  in  the  thickened  structure  of  its  walls ;  on  the 
surface  of  the  pleura  and  in  its  fibrous  coat,  whether  it 
be  but  little  changed,  or  be  thickened  by  the  formation  of 
new  constructing  vascular,  or  aponeurotic  constructed  mem- 
branes :  everywhere,  and  in  all  stages,  do  these  little  bright 
sparkling  spots  occupy  the  structure  of  the  lung ;  they  are 
likewise  observable  on  the  surface  of  the  tubercles. 

These  bright  points  differ  very  much  in  size  in  different 
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specimens ;  they  were  most  minute  in  a  specimen  of  lung 
infested  everywhere  with  mihary  tubercles  ;  they  were  largest 
in  an  instance  where  the  tubercles  were  coarse,  granular,  and 
soft  in  structure. 

Description  of  the  Gra)tules. — Each  minute  granule  was 
found  to  consist  of  a  cell  with  diaphanous  walls,  varying  in 
size,  even  in  the  same  specimen,  ranging  from  the  loooth  to 
the  looth  part  of  an  inch.  No  nucleus  was  discerned  in  the 
cell,  but  scattered  all  over  its  surface  were  many  very  minute 
cells  ;  some,  almost  point-like  under  the  ^th  of  an  inch  focus  ; 
others,  above  ^q^Q^ths  of  an  inch  in  size.  On  the  surface  of  the 
larger  secondary  cells  other  cells  were  observable.  The  parent 
cells  were  usually  round,  with  slight  elevations  and  depressions 
on  the  surface  ;  one  of  them  was  slightly  indented  where  one 
of  the  larger  secondary  cells  was  seated  ;  some  were  oval,  or 
bulging  at  one  extremity.  In  one  lung  the  cells  were  parti- 
cularly large  and  transparent,  like  little  bladders  ;  on  the 
pleuritic  new  white  membrane  they  gave  the  impression  of 
being  depressions ;  the  reflected  glare  and  the  transmission 
of  light  showed  their  real  nature.  It  was  not  observed  that 
secondary  cells  were  seated  on  their  surface ;  many  of  them 
were  remarkably  elongated. 

There  were  other  small  particles  observed,  of  about  the 
same  size -as  the  cells,  but  not  so  bright;  they  were  dull, 
and  semi-opaque ;  they  were  chiefly  noticed  on  the  pleura, 
but  several  of  them  were  deposited  on  the  walls  of  the  air- 
cells.  These  particles  consisted  of  myriads  of  very  minute 
transparent  spikes,  that  radiated  from  a  common  semi-opaque 
centre  ;  many  of  these  spikes  were  tipped  by  minute  cells. 

Pulmonary  Artery. — The  coats  of  the  pulmonary  artery 
were  everywhere  more  or  less  thickened  by  an  extension  of 
Its  fibrous  outer  tissue  ;  numerous  little  tendinous,  pearly, 
glistening,  disjointed  fibres,  or  pearl-like"  spots,  formed  this 
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thickening.  In  many  points  new  capillaries,  some  tortuous, 
some  straight,  coursed  in  the  thickened  outer  couch;  the 
vessels  were  most  numerous  where  the  structure  of  the  couch 
was  loosest.  The  thickening  was  irregular,  and  in  many- 
points  bulged  out  into  tubercles,  that  partook  of  the  structure 
of  the  thickened  wall  of  the  artery.  The  tubercles  so  seated 
differed  in  density  of  structure ;  some  were  loose,  semi- 
opaque,  dotted  over  with  pearly  spots,  and  in  many  of  these 
minute,  tortuous,  or  straight  capillaries  were  seated,  which 
were  most  numerous  and  more  tortuous  at  the  surface,  but 
were  denied  to  no  part ;  others  were  quite  opaque,  without 
vessels,  close  structured,  alike  throughout,  and  usually  more 
or  less  spherical.  On  their  surface  straggled  capillaries  of 
varying  size,  some  straight,  some  tortuous,  and  a  few  irregu- 
larly large.  The  injection  came  to  an  end  in  apparently  a 
vain  attempt  to  penetrate  the  surface ;  many  of  them  fined 
off  in  a  pencil-like  point ;  in  many  the  injection  was  irregu- 
larly diffused  and  pale,  as  if  it  had  been  diluted  by  a  soft 
structure  contained  in  the  tube. 

Tube  of  the  Pulmonary  Artery  central  to  large  Tuberculous 
Masses.  —In  some  places  the  walls  of  the  artery  were  several 
times  thicker  than  the  diameter  of  the  tube,  fibrous  in  tex- 
ture, and  vascular  ;  the  glistening  fibres  were  plainly  obliter- 
ated capillaries.  At  other  parts,  in  one  or  two  specimens,  the 
tube  of  the  artery  was  current  through  the  midst  of  very  large 
irregular  tuberculous  masses,  from  one  to  two  inches  in  solid 
bulk.  The  tuberculous  masses  formed  the  walls  of  the  vessels  ; 
they  were  equal  in  texture,  hard,  white,  of  the  appearance  and 
firmness  of  cartilage  ;  the  cut  surface  was  irregular  ;  here  and 
there  were  small  hollows  from  softening.  A  few  solitary, 
straight,  or  tortuous  capillaries,  took  their  course  in  this 
tuberculous  structure;  these  might  be  seen  at  any  part  of 
the  mass,  though  many  extensive  portions  were  quite  void 
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of  them.  The  capillaries  differed  much  in  different  speci- 
mens; they  were  diffused  everywhere,  though  nowhere  grouped 
into  patches  of  vascularity ;  they  mingled  with  an  interlace- 
ment of  fibrous  lines. 

Lining  Membrane  of  Pulmonary  Artery  softened ;  rough  in 
patches. — The  lining  membrane  of  the  artery,  besides  being 
studded  with  the  bright  cells,  was  in  some  parts  soft,  rough, 
and  finely  mottled,  with  the  capillaries  coming  close  to,  indeed 
upon  the  surface.  The  inner  membrane  was  apparently 
involved  in  a  new  capillary  development.  These  softened 
patches  were  only  observed  where  there  were  tubercles. 
The  inner  surface  of  the  artery  was  often  roughened  by  the 
studding  of  the  minute  cells. 

Tubercles  in  the  Air-cells  near  the  Pulmonary  Artery. — The 
air-cells  were  the  usual,  and,  indeed,  the  characteristic  seat 
of  tuberculous  development.  In  many  cases,  especially  in  a 
lung  affected  by  miliary  tubercles,  the  tubercles  were  clustered 
in  the  neighbourhood  of  the  arteries.  Where  the  tubercle 
sprang  direct  from  the  walls  of  the  artery,  the  air-cells  would 
be  in  most  cases  involved  ;  the  exceptions  being  in  those 
cases  where  the  walls  of  the  artery  were  much  thickened  by 
new  capillary  development. 

Here  and  there,  chiefly  in  the  neighbourhood  of  the  most 
highly  injected  points,  the  injection  of  the  capillaries  of  the 
air-cells  partially  failed.  The  tissue  of  the  lung  at  these 
points  was  usually  of  a  darkish  grey,  and  the  structure  had 
a  glairy,  semi-opaque  appearance.  The  filamentous  and 
webbed  walls  of  the  cells  were  thickened  and  more  than 
usually  opaque.  The  blood-vessels  that  were  injected  ran,  in 
most  cases,  a  direct  course;  but  sometimes  they  were  tor- 
tuous, and  in  one  or  two  instances  they  were  irregularly 
bulging.  The  little  bright  cells  were  deposited  numerously 
in  these  greyish  patches.    Under  a  high  power  numerous 
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minute  cells,  the  size  of  and  like  to  the  secondary  cells 
before  described,  were  observed  on  the  filamentous  and 
webbed  walls :  in  one  specimen  a  large  adventitious  cell  quite 
filled  up  an  air-cell.  In  some  parts  the  structure  of  the  air- 
cells  could  not  be  seen  by  direct  light.  The  whole  mass 
presented  a  semi-transparent  bluish-grey  hue ;  vessels  ran 
through  many  portions  of  this  tissue,  especially  where  it 
bordered  on  the  vascular  air-cells  ;  these  ran  in  one  well- 
marked  case  in  parallel  straight  lines.  One  of  the  semi- 
transparent  patches  was  very  small ;  in  the  midst  of  its 
structure  there  were  two  very  minute,  opaque,  rounded  spots : 
some  of  these  patches  were  of  equal  character  throughout, 
but  in  general  they  bordered  on  opaque,  whitish  yellow,  firm- 
tcxtured  tubercles.  These  tubercles  were  usually  homo- 
geneous, not  being  studded  with  the  pearly  spots  that  were 
observed  in  the  tubercles  bordering  the  pulmonary  artery ; 
some  of  them  were  penetrated  by  a  few  unclustered,  straight, 
or  curved  capillaries ;  usually  the  capillaries  played  on  the 
surface^  of  the  tubercle,  and  were  clogged  up  when  they  were 
about  to  enter  the  opaque  firm  tissue. 

Opaque  Tubercles. — On  observing  the  patches  of  grey  and 
opaque  tuberculous  formation  by  the  aid  of  transmitted 
light,  they  were  found  to  comprise  the  areolar  tissue  of  the 
air-cells,  much  modified  by  the  disease,  thickened,  shaggy, 
and  studded  with  the  minute  cells  that  appeared  to  form  the 
bulk  of  the  diseased  structure.  Many  of  the  opaque  tuber- 
cles were  softened  towards  the  centre  in  one  or  more  points, 
so  as  to  form  small  irregular  pits  wormed  out  of  a  portion 
of  the  solid  mass ;  these  pits  were  lined  by  flocculent,  villous 
surfaces,  the  ragged  ends  of  the,  apparently,  disorganized 
structure  of  the  air-cells.  The  tubercular  tissue  neighbouring 
the  pits  was  soft  and  friable. 

Diffused  Tuberculous  Granules. — In  some  portions  of  the 
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lung  there  were  numerous  diffused,  small,  irregularly-rounded 
granules,  of  a  rather  soft,  whitish,  tuberculous  matter,  very- 
near  each  other,  but  yet  asunder.  They  were  found  to  con- 
sist of  tuberculous  matter,  filling  up  the  interstices  of  the 
air-cells,  the  walls  of  which  were  perfect,  but  thickened  and 
studded  with  cells.  These  diffused,  imperfectly  grouped, 
tuberculous  patches,  were  often  of  considerable  extent,  and 
were  usually  irregular  at  their  margins ;  here  and  there 
vessels  penetrated  this  tissue. 

Other  varieties  of  diffused,  ill-defined,  tuberculous  structure 
were  observed  :  in  one  the  main  texture  was  white  and  opal- 
escent, and  was  crossed  in  all  directions  by  numerous  capil- 
laries ;  ■  in  another  there  were  irregular  patches  of  whitish 
yellow  firm  tubercles,  in  the  midst  of  a  vascular,  softer, 
tuberculous  tissue. 

Softening  of  Tubercle. — Many  of  the  tubercles  were  par- 
tially softened,  and,  as  it  were,  worm-eaten  in  central  pits ; 
some  were  completely  softened,  and  consisted  of  a  white 
vascular  sac  holding  thickish  puriform  fluid.    The  vascularity 
did  not,  except  in  points,  touch  the  inner  surface  of  the 
cavity,  but  a  white,  soft,  easily-separated,  shaggy  couch  was 
within  the  vascular  wall.    The  more  complete  the  softening 
and  purulent  degeneration  of  the  tubercle,  the  thinner  was 
the  vascular  wall  and  the  closer  packed  were  the  capillaries  ; 
they  then,  indeed,  usually  formed  a  minutely  injected  close 
reticulation  of  tortuous,  irregular-sized  capillaries.  These 
had  evidently  sprung  forward  into  new  and  active  capillary 
formation  from  the  old  unobstructed  capillaries,  when  the 
altered  and  softened  walls  allowed  the  heart's  force  to  push 
out  and  prolong  the  old  into  the  new  capillary  structure. 
There  was  not  usually  much  apparent  difference  in  structure 
between  the  bulk  of  the  tubercle  and  that  part  of  it  imme- 
diately surrounding  the  softened  portion. 
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Miliary  Tubercles. — The  only  lung  injected  with  miliary 
tubercles  presented  no  granular  nor  softened  tubercles  ;  they 
were  quite  universally  dififused,  and  were  chiefly  clustered 
around  the  branches  of  the  pulmonary  artery,  the  coats  of 
which  artery  were  much  thickened.  The  capillaries  of  the 
air-cells  were  universally  rather  large  and  tortuous  in  parts  ; 
they  were  of  irregular  size  ;  the  capillaries  played  around  the 
tubercles,  which  were  hard,  of  a  cartilage-like  texture, 
smooth,  and  round ;  but  they  were  nowhere  observed  to  pene- 
trate below  an  encasing  semi-transparent  glairy  surface.  A 
thin  section  of  one  of  these  appeared  to  consist  of  tuberculous 
matter  in  air-cells. 

Bro7ichial  Tubes. — The  lining  membrane  of  the  bronchial 
tubes  where  they  were  not  close  on  a  tuberculous  mass,  was 
usually  rather  thick ;  the  capillaries  were  reticulated  in  a 
normal  manner ;  here  and  there  were  studded  the  glistening 
cells.  In  the  midst  of  the  tuberculous  groupings  there  were 
white,  uninjected,  slightly-raised  patches,  each  coinciding  with 
a  tubercle  that  extended  into  the  air-cells.  The  vessels  were 
often  quite  normal  up  to  the  margin  of  the  tubercle  ;  some  of 
them  sank  for  a  short  distance  into  the  texture,  being  less  and 
less  injected  ;  others  stopped  abruptly  short.  Here  and  there 
a  patch  of  greatly  increased  tortuous  capillary  action,  on  a 
raised  surface,  indicated  the  seat  of  a  tubercle.  Most  of  the 
tubercles  that  were  in  the  walls  of  the  bronchial  tubes  resembled 
those  adjoining  the  pulmonary  arteries,  and  some  of  those 
scattered  in  the  air-cells,  consisting  of  a  semi-translucent 
mass,  rendered  opaque  by  pearly  spots  or  fibres. 

The  mucous  coat  of  several  bronchial  tubes  neighbouring 
the  clusters  of  softened,  softening,  and  broken-up  tubercles 
was  smooth,  covered  with  newly-developed,  tortuous,  raised, 
and  looped  minute  capillaries,  some  of  which  were  irregularly 
large.    They  usually  grouped  into  very  small  prominences, 
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the  whole  surface  being  rather  villous,  but  smooth.  These 
vascular  walls  were  thin,  without  cartilaginous  rings,  and  the 
whole  tube  was  much  dilated.  The  minute  injection  sud- 
denly ceased  round  the  whole  circuit  of  the  tube,  and  then  a 
smooth  white  surface  presented,  which  dilated  as  it  advanced, 
and  became  covered  with  a  soft,  villous,  readily  separable 
new  lining ;  here  and  there  patches  of  minutely-injected, 
looping  capillaries  burst  up  in  raised  groups.  The  dilated 
bronchial  tube  ended  in  one  case  in  a  bulbous,  enlarged 
cavity-like  dilatation,  the  walls  at  the  furthest  end  of  which 
were  covered  with  highly-injected  tortuous  capillaries ;  upon 
this  vascular  coat  was  a  shaggy  inner  lining.  In  other  cases 
the  bronchial  tube  communicated  by  a  continuous  surface 
with  a  large  irregular  cavity,  formed  by  broken-up  tubercles  ; 
this  cavity  being  lined  by  a  shaggy  coat,  which  was  internal 
to  a  more  or  less  highly  vascular  membrane. 

Tuberculous  cavities  adjoining  and  covununicating  zvitk 
dilated  Bronchial  Tubes. — Close  to  one  of  the  communicating 
bronchial  tubes  were  seated  cavities  containing  puriform  fluid^ 
lined  by  two  membranes,  the  deeper  vascular,  the  other 
villous,  and  uninjected.  It  appears  that  there  are  two  actions 
going  on  at  once  to  arrive  at  the  bronchial  communication  of 
a  tuberculous  cavity.  There  is  on  the  one  hand  a  softening 
with  morbid  new  capillary  formation  of  the  lining  of  the 
bronchial  tube,  and  a  gradual  dilatation  of  that  bronchial 
tube  from  the  pressure  of  the  atmosphere  exerted  during 
inspiration  on  its  softened  walls  ;  and  on  the  other  the  closed 
cavity  itself  extends  outwards.  The  two  advancing  surfaces 
where  they  meet  are  both  involved  in  the  same  diseased 
action  ;  they  both  form  indeed  the  same  disease  ;  each  alike 
softened,  each  alike  disintegrating,  at  length  the  partition 
must  give  way,  not  necessarily  by  sudden  laceration,  but  by 
the  double  onward  tread  of  the  disease.    The  surface  of  the 
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combined  dilated  bronchial  tube  and  tuberculous  cavity,  that 
now  form  one  cavity,  is  everywhere  continuous,  composed  of 
one  morbidly  vascular  tunic,  which  is  lined  by  one  thick^ 
pulpy,  shaggy,  unvascular  couch. 

If  the  formation  of  new  tubercles  ceases,  if  healthy  replaces 
diseased  action,  the  tuberculous  matter  is  ejected  ;  the  lining 
vascular  membrane  becomes  fibrous  in  character,  and  lined 
by  a  smooth  mucous  membrane.  I  have  had  no  opportunity 
of  observing  this  process  in  an  injected  lung. 

Pleura. — The  pleura  is  always  affected  by  an  extension  or 
co-existence  of  tuberculous  pleuritis.  The  size  and  course  of 
the  new  capillaries  vary  exceedingly,  they  are  invariably  tor- 
tuous, curved,  of  irregular  calibre  ;  they  do  not  usually  bulge 
forward,  loop,  or  group  into  prominences  though  they  often 
run  spirally.  They  form  a  rather  soft  white  couch,  free  from 
vessels,  rather  pulpy,  not  often  fibrous  in  structure,  excepting 
where  the  tuberculous  gives  place  to  a  healthy  condition. 
The  new  membrane,  whether  in  the  recent  highly-vascular  or 
in  the  later  uninjectable  state,  is  not  usually  rough,  it  is 
sprinkled  over  with  cells,  but  they  are  microscopic  and  can  in- 
fluence only  a  little  the  smoothness  of  the  glide  on  respira- 
tion. But  the  vessels  are  so  large  that  they  thrust  up  the 
pleura  and  cover  it  with  elongated  or  tortuous  bulges ;  these 
bulges  rubbing  against  the  costal  pleura  must  generate  fric- 
tion and  sound. 

Tubercles  at  the  surface  of  the  Pleura  highly  Vascular. — In 
some  parts,  though  in  some  cases  only,  (about  one  half  of 
those  that  I  have  observed,)  the  new  capillaries  group  into  a 
round  bulging  patch ;  this  corresponds  with  a  tubercle  under- 
neath; when  cut  into  it  is  found  to  be  the  outer  surface,  the 
last-formed  part  of  an  opaque  unvascular  tubercle,  where  new 
excessive  capillary  formation  still  exists.  The  new  vessels 
over  these  tubercles  are  always  tortuous,  irregularly  large, 
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often  spiral  and  looping,  leading  to  one  large  tubercle.  In  a 
case  where  the  tubercles  were  generally  large  and  loosely- 
developed,  and  where  the  large  close  bladder-like  cells 
existed,  there  were  two  or  three  giant  capillaries  extending 
from  the  plane  surface  to  the  raised  tubercle ;  these  swelled 
out  to  a  very  great  size,  and  then  shrunk  in  after  a  tortuous 
bulfrinsf  course.  The  smaller  tubercles  are  tipped  with  fine 
tortuous,  looped,  new  capillaries. 

Pleural  Miliary  Tubercles. — In  the  lung  affected  by  miliary 
tubercles  there  were  many  developed  hard  tubercles  on  the 
pleural  surface;  but  there  was  one  that  was  entirely  composed 
of  tortuous  vessels  ;  another  close  to  it  was  white  and  de- 
veloped at  the  tip,  but  this  white  tip  rode  on  a  bulging  group 
of  new  tortuous  capillaries  which  had  become  obstructed 
towards  the  central  point.  The  new  capillaries  on  the  pleura 
of  this  lung  were  irregularly  large  and  tortuous.  On  tearing 
off  from  the  pleura  the  formed  opaque  soft  membrane,  a  couch 
of  new  tortuous  irregularly-large  capillaries  lay  beneath  ;  this 
was  almost  universal ;  in  some  parts  there  were  two  separable 
opaque  layers,  and  below  these  a  third  vascular  couch.  At 
some  parts  the  new  membranes  were  irregularly  raised. 

Capillaries  essential  to  the  groivtJi  of  Tubercles. — From  the 
above  observations  it  results  that  tubercles  require  the  pre- 
sence of  capillaries  for  their  first  formation  and  growth.  The 
essential  and  first  morbid  change  is  the  formation  of  peculiar 
cells ;  there  is  a  modification  in  the  cell-life  of  the  walls  of 
the  capillaries.  Wherever  the  capillaries  are  met  with,  there 
may  the  morbid  change  exist.  In  the  walls  of  the  pulmonary 
artery  and  in  the  pleura  the  tubercles  are  formed  with  the 
aid  of  new  or  produced  capillaries,  and  a  great  part  of  the 
structure,  or  as  it  were  the  skeleton,  the  framework  of  these 
tubercles,  consists  of  the  walls  of  the  new  and  obstructed 
capillaries,  often  accompanied,  even  in  the  most  advanced 
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Stages,  by  some  blood-carrying  vessels.  Upon,  within,  and 
interstitial  to  this  framework  of  dried-up  new  capillary  walls, 
is  deposited  the  peculiar  structure  of  tubercles.  On  the 
pleura,  the  new  vessels  are  irregularly  large  and  tortuous  ;  in 
the  walls  of  the  pulmonary  artery  they  are  often  quite 
straight.  In  both  these  seats  the  new  inflammatory  develop- 
ment of  capillaries  is  absolutely  essential  to  the  formation 
of  tubercle,  to  the  carrying  out  of  the  tuberculous  cell-life. 
Inflammation,  then,  is  as  essentially  concerned  in  the  forma- 
tion of  the  tubercles  just  referred  to,  as  it  is  in  pleuritis, 
pneumonia,  and  bronchitis.  In  the  deposit  of  grey  and  the 
formation  of  opaque  tuberculous  matter  in  the  air-cells,  the 
formation  of  new  capillaries  is  not  essential,  as  the  air-cells 
are  so  charged  with,  so  completely  composed  of,  blood-vessels 
to  convey  the  fluid  required  for  the  development  of  the 
specific  morbid  cell-life. 

Many  of  the  capillaries  of  the  air-cells  are  somewhat 
tortuous,  but  this  is  not  the  usual  course  :  they  do  not  in 
general  appear  to  be  altered  ;  there  seems  to  be  an  undue 
capillary  activity  before  the  deposit  of  tuberculous  material  ; 
but  after  this  is  deposited  in,  upon,  and  between  the  capil- 
laries of  the  air-cells,  many  of  the  smaller  interlacements  are 
obliterated  gradually  ;  as  the  tissue  condenses,  more  and  more 
disappear,  until  at  length,  when  the  semi-opaque  grey  has 
been  replaced  by  the  opaque  white  structure,  that  structure 
comprises  few  or  no  vessels. 

On  the  lining  of  the  bronchial  tubes  tubercles  are  formed 
sometimes  by  the  development  of  the  original  vessels,  which 
nurse  the  morbid  growth  ;  sometimes  by  the  formation  and 
development  of  new  capillaries.  In  one  instance  the  walls  of 
the  bronchial  tubes  were  tendinous  and  thickened,  so  as  to 
equal  their  diameter  ;  this  thickening  was  the  result  of  new 
vascular  development. 
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In  the  advanced  stage  of  phthisis,  where  softening  super- 
venes, the  bronchial  tubes  are  always  the  seat*  of  new  capil- 
lary development;  where  the  walls  become  thin  and  soft,  the 
new  capillaries  become  suddenly  blocked  up  ;  but  further  on, 
where  the  bronchial  tubes  and  the  walls  of  the  tuberculous 
excavation  combine,  the  whole  lining  of  the  vomica  partakes 
of  a  new  capillary  growth. 

Poiftts  of  analogy  and  difference  between  Tuberculous  disease 
and  Pneumonia. — Much  likeness  exists  between  the  develop- 
ment of  tubercles  and  that  of  pneumonia. 

In  botli  pneumonia  and  phthisis  the  walls  of  the  pulmonary 
artery  are  thickened  by  a  couch,  the  inflammatory  result  of 
new  capillary  formation  ;  and  in  this  couch  new  capillaries 
exist.    In  pneumonia,  the  capillaries  are  more  numerous  and 
more  tortuous  than  in  phthisis. 

In  both,  the  lining  membrane  of  the  bronchial  tubes  is 
thickened  by  inflammatory  capillary  enlargement,  ending  in 
sudden  obstruction.  In  pneumonia,  the  capillaries  are  enlarged 
over  the  whole  surface,  and  in  the  early  stages.  In  phthisis, 
new  capillaries  are  formed  in  the  later  stages,  or  only  in  the 
spots  where  tubercles  are  being  formed  in  earlier  stages. 

In  both,  the  air-cells  are  the  subjects  of  increased  capillary 
action  followed  by  an  obstruction  in  the  capillaries,  a  deposit 
in  the  cells,  and  at  length  a  breaking-up  of  the  tissue.  In 
pneumonia,  the  capillaries  are  uniformly  enlarged ;  theif 
obstruction  is  complete  and  early.  In  phthisis,  the  capillaries 
are  usually  only  slightly,  often  not  at  all,  enlarged  ;  their 
obstruction  is  usually  not  complete,  but  some  are  left  to 
carry  out  the  later  changes.  The  deposit  in  the  cells,  and 
the  formation  on  their  walls,  is  essentially  tuberculous. 

In  both,  the  surface  of  the  pleura  is  covered  by  new,  irre- 
gularly enlarged,  tortuous  capillaries,  which  become  obstructed 
and  form  a  new  vascular  couch.     In  pneumonia,  the  newT 
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capillary  growth  is  everywhere  equal ;  the  obstructed  capil- 
laries form  a  thin,  equal,  fibrous  membrane.  In  phthisis,  the 
capillaries  are  unusually  equal,  but  here  and  there  the  vessels 
group  into  smaller  or  larger  prominences ;  the  obstructed  capil- 
laries form  an  opaque,  white,  soft,  new  membrane,  on  which 
are  frequently  studded  opaque  elevations,  or  in  other  words, 
tubercles.  In  phthisis,  the  peculiar  cell-formation  is  diffused 
everywhere. 

In  pneumonia,  the  new  morbid  action,  where  limited,  is 
defined  by  the  walls  of  the  lobules.  In  phthisis,  the  morbid 
action  is  defined  by  no  particular  structure,  but  may  occupy 
any  tissue,  and  is  arrested  by  its  own  boundaries,  not  by  the 
interruption  of  any  established  structure.  Usually  the  tran- 
sition from  tuberculous  to  healthy  air-cells  is  sudden  ;  the 
former  stand  out  from  beside  the  latter  in  their  solid  de- 
formity, as  prominently  as  the  lobular  patches  of  pneumonia 
do  from  the  neighbouring  sound  lobules. 

There  is,  then,  a  range  of  analogies,  but  a  vital  difference 
between  the  two  diseases :  they  both  invest  the  same  struc- 
tures ;  they  both  work  out  their  mission  by  parallel  steps  ; 
but  the  steps  only  resemble,  they  are  not  alike.  They  are 
alike  in  this  :  each  requires  for  its  development  the  assistance 
of  capillaries  :  in  each  new  capillaries  are  formed  where 
there  are  no  old  vessels  to  give  the  required  aid  ;  in  each  an 
inflammatory  action  is  necessarily  involved,  especially  in  the 
pulmonary  artery,  the  bronchial  tubes,  and  the  pleura. 

But,  besides  these  analogies,  there  is  in  a  certain  class  of 
cases  a  complete  identity ;  one  merges  into  the  other.  Pneu- 
monia not  unfrequently  results  in  tuberculous  deposit. 

Inflammatory  origin  of  Tubercles. — Inflammation  is  un- 
questionably concerned  in  the  formation  of  all  tubercles 
occupying  the  walls  of  the  pulmonary  artery  and  the  pleura, 
in  many  of  those  on  the  bronchial  tubes,  and  in  some  of  those 
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involving  the  air-cells.  Inflammation  is  probably  concerned 
even  in  all  cases  affecting  the  air-cells.  The  inflammation  is 
not  essential  to  the  disease  ;  it  is  set  up  to  furnish  the  morbid 
structure  with  material  wherewith  to  form  and  reproduce 
itself.  1 

First  stages  of  Phthisis. — The  earliest  stages  of  phthisis 
are  very  seldom  recognised;  scarcely  ever,  indeed,  as  such, 
excepting  where  the  disease  begins  to  attack  a  second  lung 
after  the  first  has  been  ravaged  to  a  certain  extent. 

We  almost  always  find  the  least  diseased  lung  to  be  the 
largest.  Active  pleuritis,  without  adhesions,  exists  in  this 
early  stage  ;  the  walls  of  the  pulmonary  artery  and  the 
bronchial  tubes  are  inflamed,  and  the  air-cells  are  infiltrated 
in  patches,  probably  inflamed. 

In  pneumonia  and  pleuritis  parallel  conditions  lead  to  an 
undue  permanent  expansion  of  the  lung.  We  can  say  with 
certainty,  that  the  least  diseased  lung  in  phthisis  is  generally 
the  largest,  and  has  always  the  greatest  play.  I  have  seen 
cases  in  which  the  expansion  of  the  least  affected  side  seemed 
to  be  excessive.  I  think  it  reasonable  to  infer  that  the  walls 
of  the  chest  are  more  expanded  over  the  seat  of  tuberculous 
disease  and  tuberculous  pleuritis  in  the  very  early  stage  than 
they  are  over  the  healthy  lung.  The  mobility,  the  play  in 
breathing,  may  be  less  than  in  the  sound  lung,  though  the 

^  I  quote  the  following  from  Dr.  Hodgkin's  Lectures  07i  the  Morbid 
Anaioftty  of  the  Mucous  Metnbranes : — "No  doubt  exists  in  my  mind 
that  a  miliary  tubercle,  in  the  earliest  stage  at  which  it  presents  itself  for 
observation,  consists  of  a  minute  portion  of  pulmonary  texture,  infiltrated 
by  a  transparent  or  translucent  substance  of  a  solid  or  nearly  solid  con- 
sistence, not  confined  to  one  cell  or  cavity,  but  rather  occupying  a  few  of 
the  very  minute  areolae  of  the  spongy  texture  in  which  the  bronchial 
tubes  terminate,"  p.  153.  .  .  .  "  It  is  by  no  means  uncommon  to  find,  in 
a  lung  which  has  been  the  subject  of  rather  recent  pneumonia,  collections 
of  yellowish-white  opaque  deposits,  of  various  forms,  and  very  various  ex- 
tent. Such  deposits  appear  to  consist  of  crude  tuberculous  matter,"  p.  172' 
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Diagram  i8.— PHTHISIS— TUBERCULOUS  CAVITY. 
William  rAvzNPORT,  aged  32,  Patient  of  Dr.  Storer. 


I.  Right  lung";  I^.  Larg'e  vcmica  ;  i'.  Left  lung;  la. -la.  Lower  margins  of 
lungs  when  displaced  by  artificial  distenfion.  2.  Ventricles.  3.  Right  Auricle. 
5.  Aorta.    6.  Pulmonai^  artery.    7.  Liver.   8.  Stomach. 

The  right  lung,  besides  being  occupied  by  a  vomica,  was  everywhere  infested 
by  tubercles,  was  universally  adherent,  and  was  capable  of  but  little  distension. 
The  left  lung  contained  many  tuberclcF,  but  comprised  more  breathing  lung  than 
the  right,  was  not  adherent  over  the  lower  lobes,  and  permitted  of  considerable 
artificial  inflation. 

Weight  of  Organs. — Heart,  lo  ounces  ;  right  lung,  22  ditto  ;  left  lung,  20  ditto  ; 
liver,  56  ditto  ;  right  kidney,  3^  ditto  ;  left  kidney,  3  ditto. 
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expansion  be  greater,  just  as  we  observe  in  pleuritis  and 
pneumonia ;  but  frequently  the  play,  as  well  as  the  bulk  of 
the  lung  is  increased. 

After  Pleuritic  Adhesions  the  Costal  Walls  lessen. — Where 
pleuritic  adhesions  have  taken  place,  with  tuberculous  infiltra- 
tion into  the  air-cells,  both  the  bulk  and  play  of  the  lung  in 
breathing  are  diminished.  The  second  and  third  ribs  assume 
the  form  that  they  have  towards  the  end  of  a  healthy  deep 
expiration  ;  instead  of  their  costo-cartilaginous  junctions 
being  raised  and  protruded,  they  are  often  lowered  and  de- 
pressed. The  bulge  over  the  costal  cartilages  to  the  side  of 
the  sternum  gives  place  to  a  slope  or  hollow.  The  measure- 
ment is  lessened  between  the  dorsum  and  the  front  of  the 
chest  over  the  diseased  part ;  and  on  a  deep  inspiration 
this  measurement  is  proportionately  still  less.  The  eye  can 
usually  at  once  decide  which  is  the  most  affected  side,  and 
almost  invariably  by  watching  the  play  of  the  chest  during 
breathing. 

There  are  many  cases  of  phthisis,  in  which  the  tuberculous 
deposit  does  not  come  to  the  surface  and  in  which  there  are 
no  excavations,  that  can  only  be  detected  by  this  sign  of 
diminished  bulk  and  play  of  lung  ;  cases  in  which  no  informa- 
tion is  conveyed  either  by  percussion,  auscultation,  or  the 
general  symptoms. 

The  play  of  the^bulk  of  the  sound  lung  is  usually  greater 
than  that  of  the  diseased  lung ;  in  the  latter  the  lower  lobe  is 
less  dilated  and  less  lowered,  the  costal  walls  expand  less, 
and  the  diaphragm  does  not  descend  so  far  either  during 
repose  or  during  the  inspiratory  action.  The  comparative 
motionlessness  of  the  upper  part  interferes  with  the  free  play 
of  the  lower  part  of  the  costal  walls.  The  diaphragm,  how- 
ever, very  often  descends  fully,  and  is  always  much  more 
actively  inspiratory  than  the  costal  walls.    In  fact,  the  action 
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of  the  diaphragm  frequently  overbalances  the  action  of  the 
costal  walls  to  a  great  extent  on  the  diseased,  to  a  slight 
extent  on  the  healthy  side  of  the  chest.  The  same  action 
exists  that  we  find  in  emphysema  and  in  cases  of  narrowing 
of  the  larynx.  The  diaphragm  descends  suddenly  at  the 
beginning  of  the  act,  and  draws  down  the  base  of  the  lung 
more  rapidly  than  it  can  be  supplied  by  the  influx  of  air 
through  the  larynx ;  consequently  the  air  is  taken  from  the 
costal  region  of  the  lungs  ;  and  the  lower  part  of  the  sternum 
often  falls  in  at  the  beginning  and  projects  towards  the  end 
of  each  inspiration,  and  is  forced  out  at  the  beginning  and 
falls  back  towards  the  end  of  each  expiration. 

The  same  action  often  obtains  over  the  diseased  portion 
of  lung;  the  second  and  third  ribs  are  either  stationary  or 
else  fall  slightly  back  at  the  commencement  and  protrude 
slightly  towards  the  termination  of  the  inspiration.  During 
the  expiration,  the  opposite  effects  ensue ;  the  walls  are 
stationary  or  bulge  forward  at  first,  and  then  towards  the 
completion  gradually  fall  back. 

Bulk  of  Lung  lessened  front  Non-dilatation  of  the  Air- 
cells. — Why  does  the  bulk  of  the  affected  portion  of  lung 
diminish  in  phthisis  before  the  stage  of  softening  and  eva- 
cuation of  the  morbid  structure  ?  In  pneumonia  and  pleuritis 
the  expanding  effect  results.  The  air-cells  occupied  by  the 
tubercle  are  certainly  not  lessened  in  bulk,  but  on  the  con- 
trary, they  are  distended  by  tuberculous  infiltration.  Where- 
ever  a  tubercle  neighbours,  it  pushes  up  the  pleura  ;  the  walls 
of  the  pulmonary  artery  are  thickened  in  the  tuberculous 
lung,  and  the  bronchial  tubes  are  usually  dilated,  and  their 
lining  membrane  and  fibrous  walls  are  usually  thickened 
where  there  is  not  excessive  dilatation. 

The  lessening    of  the  bulk  must  be  due  to   the  non- 
expansion  of  the  unaffected  air-cells.    Wherever  inspiration 
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would  injure  an  affected  lung  or  portion  of  lung,  or  cause 
suffering  to  the  adjoining  diaphragm,  costal  walls,  or  parts 
contiguous  to  those  walls,  then  breathing  is  locally  sus- 
pended, and  that  lung  is  in  a  state  of  repose.  The  inflamed 
or  distended  tubercles  are  not  at  the  surface,  but  in  the 
substance  of  the  lung  tissue;  the  inspiratory  distension  of  the 
air-cells  would  stretch  and  irritate  the  morbid  tissue.  The 
non-expansion  of  the  healthy  air-cells  that  compass  those 
diseased  is  the  cause  of  the  contraction  of  the  diseased 
portion  of  lung  when  that  diseased  portion  has  not  advanced 
to  roftening  and  expulsion. 

When  the  tuberculous  growth  or  infiltration  softens  and 
breaks  down,  it  forms  a  sac,  at  first  closed  and  holding 
puriform  degeneration,  that  finally  communicates  with  the 
dilated  bronchial  tube  to  form  a  cavity  that  receives  air 
during  inspiration  and  gives  it  out  during  expiration.  The 
respiratory  play  of  the  costal  walls  over  the  advancing 
disease  gradually  diminishes  up  to  the  time  of  the  opening 
and  free  communication  of  the  cavity.  The  volume  of 
the  chest  does  not  necessarily  lessen  step  by  step ;  on  the 
contrary,  the  advance  of  the  disease,  the  formation  of  new 
tuberculous  and  puriform  matter,  often  adds  to  the  bulk. 

When  the  communicating  vomica  is  formed  and  has  evacu- 
ated itself,  the  volume  of  the  lung  often  lessens  as  the  diseased 
structure  is  expelled  ;  at  the  same  time  the  respiratory  play 
of  the  chest  over  the  vomica  is  increased  as  the  air  is  now 
alternately  admitted  into,  and  expelled  from,  a  cavity  that  is 
seated  where  a  solid  block  of  tubercle  or  a  distended  cavity 
of  puriform  fluid  previously  had  place.  If  the  lower  portion 
of  the  diseased  lung  be  consolidated,  the  walls  over  the 
vomica  advance  during  the  whole  time  of  inspiration. 

Biclk  of  Lung  increased  by  Tuberculous  Infiltration. — In  cases 
of  universal  tuberculous  infiltration,  (Diagram  i6,)  the  bulk  of 
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the  lung  is  increased  to  the  extent  of  the  deepest  possible 
inspiration. 

Cirailatioii  and  Respiration  less  active  in  Phthisis. — The 
vital  energies  of  the  phthisical  are  blunted,  the  volume  of 
their  blood  is  lessened,  the  inclination  to  and  the  power  of 
exertion  is  diminished ;  the  mental  and  the  physical  man 
gradually  approach  through  listlessness  to  torpor.  The 
blunted,  torpid  frame  does  not  require  the  volume  or  energy 
of  circulation  that  is  called  for  by  the  vigorous.  The  blood 
is  less  quickly  formed  from  the  aliment ;  the  rate  of  arteriali- 
zation  and  waste  in  the  lungs  necessarily  balances  this  defi- 
cient and  bad  supply  :  supply  and  waste  are  alm'ost  alike 
scanty.  The  waste  that  in  health  goes  off  in  fair  proportion 
from  the  lung,  now  proceeds  in  excessive  measure  by  ex- 
cessive sweats  through  the  skin  ;  while  the  usual  supplying 
channel,  the  alimentary  canal,  now  becomes  a  positive  new 
and  very  rapid  drain. 

The  result  of  this  life-lowering  is,  that  the  lungs  are  not 
nearly  so  much  required  ;  and  although  so  much  of  the 
usable  lung  be  eaten  up  by  the  morbid  deposit,  yet  is  even 
this  lessened  breathing  lung  not  called  into  full  play;  the 
whole  volume  of  both  lungs  is  lessened,  the  walls  of  the 
chest  are  narrowed  and  flattened,  and  the  sternum  is  drawn 
down.  The  supra-clavicular  space  is  increased  ;  the  summits 
of  the  lungs  are,  although  really  lowered,  (unless  distended 
by  tuberculous  infiltration,)  higher  in  the  neck  relatively  to 
the  lowered  clavicles  and  ribs.  If  the  tuberculous  formation 
be  general  and  infiltrated,  or  if  it  follow  pneumonia,  the  whole 
bulk  of  the  lung,  the  capacity  of  the  costal  walls,  and  the 
descent  of  the  diaphragm,  are  increased.  The  disease  pro- 
duces the  same  parietal  and  visceral  displacements  as  occur 
in  pneumonia,  and  as  are  excited  by  a  deep  inspiration. 
(Diagram  i6.) 
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Heart  usually  lessened.  — The  heart  where  the  volume  of  the 
lungs  is  lessened  is  usually  lessened  also,  but  by  no  means 
invariably  ;  the  experience  of  some  observers  is  even  contra- 
dictoiy  as  to  the  general  fact ;  but  its  diminution  bears  no 
ratio  to  the  diminution  of  the  lung,  and  an  unusual  portion 
of  its  surface  comes  in  contact  with  the  walls  of  the  chest. 
The  bulge  over  the  heart  is  usually  more  marked,  and  the 
impulse  is  higher  and  nearer  to  the  sternum,  than  they  are  in 
health.  The  impulse  is  often  felt  behind  the  second,  third, 
and  fourth  intercostal  spaces,  seldom  so  low  as  the  fifth.  If 
the  bulk  of  the  lung  be  increased  by  extensive  tuberculous 
infiltration,  then  the  heart  is  displaced,  as  it  is  in  cases  of 
pneumonia,  slightly  downwards  and  towards  the  opposite 
side.  If  the  infiltration  be  seated  in  the  left  lower  lobe,  as 
in  Diagrams  i6  and  L.  6,  then  the  apex  of  the  heart  cannot 
be  felt,  the  impulse  being  due  to  the  systole  of  the  right 
ventricle. 

Abdomen  more  prominent. — The  liver  is  usually  enlarged  in 
phthisis,  and  the  volume  of  the  abdomen,  from  flatulent  dis- 
tension of  the  stomach  and  bowels,  is  increased.  The  liver 
bulge  is  usually  very  prominent,  both  at  the  side  and  below 
the  depression  indicating  the  lower  margin  of  the  lung.  The 
stomach  lateral  bulge  is  considerable,  but  is  not  usually  so 
great  as  is  that  of  the  liver.  The  bulge  below  the  heart  is 
usually  composed  of  the  left  extremity  of  the  liver  and  the 
stomach. 

Phthisical  Dyspncea.—The  dyspnoea  existing  in  phthisis  is 
very  different  from  that  occurring  in  and  giving  rise  and 
growth  to  emphysema  ;  the  inspiration  is  never  complete, 
but  is  short  and  quickly  followed  by  the  expiration.  If  the 
patient  attempt  to  take  a  deep  breath,  it  is  suddenly  arrested 
by  a  stitch  in  the  side— a  sudden  muscular  pain.  He  is 
obliged  when  attacked  by  dyspnoea  to  pant,  to  breathe  very 
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Diagram  L.  6.— PHTHISIS— LARGE  VOMICA. 
George  Hazeldine,  aged  20,  Patient  of  Dr.  Hutchinson. 


Comparison  with  Health. — The  sternum,  clavicles  and  ribs,  and  their  cartilages, 
are  all  lowered,  p.  164  :  the  whole  chest  is  narrowed  and  flattened,  p.  164  ;  the 
summits  of  both  lungs  high  above  the  clavicles,  p.  164  ;  the  chest,  over  the 
affected  part,  l".,  below  the  left  clavicle,  is  much  Jlattened ;  the  play,  on  respira- 
tion, is  <fz';«7'«2j//fl/,  pp.  161- 163. 

I.  Summit  of  the  least  diseased  lung  ;  i^.  Very  large  vomica  (the  patient  died 
since  the  above  was  engraved  ;  the  vomica  was  one  of  the  lai^est  I  have  seen), 
p.  163.  2.  The  lowest  edges  of  the  lungs  ;  za.  The  lower  edges  of  the  lungs  on 
a  deep  inspiration  ;  the  descent  on  the  least  diseased  side  (right)  considerable ; 
that  on  the  most  diseased  side  (left),  but  slight.  Heart's  superficial  dulness, 
impulse  rather  extensive,  pp.  164,  165  ;  descent  of  heart's  superficial  dulness,  on 
deep  inspiration,  inconsiderable,    4^.  Bound  of  the  heart's  deep-seated  dulness. 
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quickly,  making  up  by  quickness  for  want  of  depth  in  breath- 
ing. The  contrasted  difference  of  the  expansion  of  the  lungs 
and  chest  in  emphysema,  and  of  their  contraction  in  phthisis, 
is  regulated  by,  and  due  to,  the  difference  in  the  depth  of  the 
inspirations. 

Permssion. — In  the  early  stages  of  phthisis  there  is  a  com- 
parative dulness  over  the  affected  part  of  the  lung.  This 
dulness,  I  do  not  doubt,  corresponds  with  the  turgescence  in 
the  capillaries  that  precedes  the  earliest  greyish  infiltration. 
The  dulness  is  not  excessive,  but  well-marked,  and  after  a 
time  it  disappears.  When  the  tubercles  are  formed,  but 
scattered  and  not  very  numerous,  and  when  the  contraction 
of  the  breathing  portion  of  the  lung  is  not  great,  the  per- 
cussion is  often  as  resonant  over  the  diseased  as  it  is  over 

5^.  Upper  bound  of  liver ;  5.  Liver,  large.  The  lateral  and  anterior  liver  and 
stomach  bulges  unusually  marked,  owing  to  the  lessening  and  falling-in  of  the 
chest  organs,  and  the  increase  in  size  and  protrusion  of  the  abdominal  organs, 
p.  165. 

Percussion. — Over  the  summit  of  the  left  lung,  dull  ;  of  the  right  lung,  reso- 
nant ;  over  the  vomica,  i-.,  cavernous  or  stomach-like  resonance.  The  whole  of 
the  lower  anterior  part  of  the  left  lung  less  resonant  than  the  right. 

Respiratory  Sounds. — Right  lung,  coarse  crepitations  at  summit ;  elsewhere 
loud  and  smooth  murmurs.  Left  lung,  over  the  upper  part,  i''.,  loud  cavernous 
expiration  and  inspiration  ;  hollow,  gurgling,  or  crackling  noise.  Over  the  lower 
anterior  part,  coarse  crepitating  noises,  accompanied  by  slight  double  friction- 
sound. 

Vocal  Resonance. — Generally  loud  ;  louder  on  the  right  than  on  the  left  side  ; 
louder  over  the  lower  part  of  the  left  lung  than  it  is  over  the  seat  of  the  cavity  ; 
over  the  cavity,  when  he  whispers,  a  loud  expiratory,  whispering,  cavernous  sound 
penetrates  the  ear ;  when  he  speaks  the  vocal  resonance  is  accompanied  and 
modulated  by  the  whispering,  cavernous,  expiration  sound,  so  as  to  produce  pec 
toriloquy,  p.  173. 

Heart's  Impulse — Felt  close  to  the  sternum,  over  the  second,  third,  and  fourth 
intercostal  spaces.  Sensation  of  second  impulse  over  second  intercostal  space. 
No  impulse  at  the  apex  ;  it  is  covered  and  masked  by  the  consolidated  lung.  On 
a  deep  inspiration  the  impulse  is  lowered  to  the  fourth  and  fifth  intercostal 
spaces. 

The  figures  at  the  sides  denote  the  measurements  on  each  side,  from  the  spine  to 
the  centre  in  front,  under  the  axilla,  over  the  lower  margins  of  the  lungs,  and  over 
the  lowest  edge  of  the  ribs  and  their  cartilages. 
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healthy  or  incipiently  diseased  lung  ;  indeed,  if  the  first  stage 
of  partial  dulness  exist,  the  lung,  in  the  incipient  stages,  will 
be  less  resonant  than  in  the  more  advanced  stages. 

When  pleuritis  is  present — and  pleuritis  invariably  exists 
in  the  early  stages  of  extensive  tubercular  formation — then 
the  diseased  portion  of  lung  is  amplified,  and  the  part  of  the 
chest  that  acts  on  that  diseased  portion  is  enlarged.  This  is 
but  an  obedience,  on  the  part  of  the  costal  walls  and  inflamed 
lung,  to  the  law  that  invariably  obtains  in  the  first  stage  of 
simple  pleuritis.  The  bulk  of  air-expanded  lung  being  in- 
creased, the  percussion  is  more  resonant  when  pleuritis  exists 
than  it  is  in  the  healthy  state. 

As  the  summits  of  the  lung,  especially  the  posterior  and 
lateral  parts,  are  almost  invariably  the  parts  first  attacked 
by  tuberculous  affection,  to  them  the  chief  attention  must  be 
given.  The  best  place  for  comparative  percussion  of  the 
supra-clavicular  region  is  over  the  outer  edge  of  the  trape- 
zius; the  finger  that  is  used  as  a  pleximeter  can  there  be 
adapted  with  equal  ease  and  accuracy  over  the  opposite 
sides,  and  an  equal  tap  can  be  given  on  each.  There  is,  in 
the  region  in  question,  a  considerable  layer  of  lung  sub- 
stance to  examine,  extending  from  the  seventh  cervical 
vertebra  to  the  acromion  of  the  scapula.  The  part  men- 
tioned is  quite  away  from  the  influence  of  tracheal  echoes, 
and  the  finger  is  not  kept  off"  from  the  costal  walls  by  any 
great  vessels,  as  it  is  just  above  the  sternal  half  of  the 
clavicle.  If  the  arms  be  well  brought  down  by  the  sides,  the 
trapezius  wraps  closely  round  the  first  and  second,  some- 
times the  third  ribs  ;  the  bony  support  the  ribs  afford  is 
well  fitted  to  conduct  the  vibrations  excited  by  the  per- 
cussion tap  down  to  the  lung.  If  the  lung  be  free  from 
engorgement,  infiltration,  close  tuberculous  deposit,  or  closed, 
or  small  open  cavities,  a  firm  tap  will  elicit  the  resonant 
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sound,  characteristic  of  healthy  lung ;  but  if  any  of  those 
conditions  prevail,  then  the  percussion-sound  will  be  more 
or  less  damped  by  the  diseased  subjacent  lung. 

Where  cavities  exist  near  to  and  below  the  costal  walls, 
a  firm  percussion  will  elicit  a  peculiar  prolongation  of  the 
sound.  If  the  cavity  be  large,  and  nearly  empty,  and  its 
walls  be  thin  and  firm,  a  sound  is  excited,  clear,  hollow,  and 
ringing,  exactly  alike  in  character  to  the  stomach  percussion- 
sound,  though  less  prolonged,  ringing,  and  metallic.  If  the 
excavation  be  small,  the  sound  is  of  like  character  but  less 
ringing,  less  prolonged,  soon  damped  ;  it  resembles  the  sound 
elicited  by  percussion  over  the  larynx,  but  it  is  a  little  more 
ringing.  If  the  cavity  contain  fluid,  the  ring  is  choked,  and 
that  sooner  or  later  according  to  the  quantity  of  the  fluid. 
If  the  walls  are  thick,  or  are  separated  from  the  parietes  by 
healthy  lung,  then  the  sound  is,  as  it  were,  mufiled  ;  but  still 
there  is  a  distinctive  quality  given  to  the  percussion-sound 
by  the  echoing  of  its  vibrations  when  taken  up  by  the  cavity. 

The  eye  is  told,  by  the  existence  of  the  characteristic 
tuberculous  slope  of  the  ribs  under  the  clavicle,  and  by  the 
deficiency  of  inspiratory  movements,  that  tubercles  are 
present.  Percussion,  especially  if  it  be  employed  during  a 
sustained  deep  inspiration,  indicates  whether  tuberculous 
consolidation  or  a  cavity  exists. 

The  Respiratory  Sotinds. — In  the  earlier  stages,  when  there 
is  turgescence  of  the  vessels,  effusion  of  fluid  into  the  air- 
cells,  or  local  bronchitis  with  bronchial  secretion,  one  or 
more  of  the  following  sounds  may  be  present : — 

A  crepitating  rhonchus  that  is  not  so  fine  as  that  so  cha- 
racteristic of  pneumonia  ;  it  is  usually  rather  coarse,  some- 
times muco-crepitant,  sometimes  mucous  ;  it  is  most  frequent 
during  inspiration,  being  sometimes  heard  towards  the  end 
of  the  act,  sometimes  during  its  whole  course,  when  it  usually 


170 


ON  CHANGES  IN  THE  SITUATION 


ends  in  two  or  three  coarser  crepitations.  It  is,  doubtless, 
indicative  of  the  first  semi-fluid  effusion  into  the  not  alto- 
gether obliterated  air-cells,  or  of  the  existence  of  mucus  in 
the  smaller  bronchial  tubes.  Hissing  and  cooing,  sonorous, 
or  reed-toned  noises,  usually  sharp  and  feeble,  are  also  heard, 
especially  on  taking  a  sudden  deep  inspiration.  Any  abnor- 
mal inspiratory  or  expiratory  noise,  if  confined  to  the  upper 
portion  of  one  or  both  lungs,  leads  to  the  suspicion  of  tuber- 
culous formation. 

Pleuritic  Friction-sound.— VX&mitxs  is  indicated  by  a  friction- 
sound  ;  this  is  of  a  hissing  or  rushing,  slightly  interrupted 
character,  and  resembles  puerile  respiration  ;  it  is  louder 
during  inspiration  than  expiration  ;  but  it  is  usually  present 
during  expiration,  and  it  is  audible  when  the  patient  whis- 
pers ;  it  occasionally  gives  a  peculiar,  fine,  buzzing  accom- 
paniment to  the  vocal  vibrations.  If  such  a  sound  be  heard, 
suddenly  ceasing,  either  above  or  below  its  seat,  and  giving 
place  to  a  gentle  murmur  during  inspiration,  and  either  to 
a  very  feeble  murmur  or  to  silence  during  expiration,  we  are 
assured  that  it  is  a  friction-sound.  This  sound  is  very  often 
heard  just  above  the  partition  between  the  upper  and  middle 
lobes. 

The  friction-sound  is  very  seldom  heard  in  a  lung  that  is 
contracted  by  the  advance  of  tuberculous  disease,  as  adhe- 
sions have  almost  invariably  taken  place,  and  as  but  little 
air  is  drawn,  during  inspiration,  into  the  slightly  expanded 
lungs.  In  such  cases  the  respiratory  murmur  is  usually  very 
feeble,  and  is  often  accompanied  by  an  occasional  cooing 
noise,  especially  if  a  sudden  quick  breath  be  taken. 

It  is  usually  over  the  most  healthy,  the  least  diseased,  the 
most  expanded  and  expanding,  and  the  most  resonant  lung, 
that  the  friction-sound,  commonly  taken  for  puerile  respira- 
tion, is  heard ;  it  is,  too,  on  the  least  diseased  side  that  the 
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crepitating  noise  is  generally  noticed.  The  fine  sonorous  or 
cooing  noises  are  mostly  heard  on  the  side  where  the  disease 
is  the  farthest  advanced. 

As  pleuritis  is  invariably  present  in  the  course  of  the  early 
stages  of  extensive  tubercular  disease,  we  may  invariably  hear 
the  pleuritic  friction-sound  at  some  time  or  other  during  that 
course.     This  rubbing  sound  is  quite  characteristic ;  it  con- 
sists in  a  shallow,  rather  loud,  hissing,  or  rustling  sound,  that 
is  interrupted  two  or  three  times  during  the  act  of  inspiration. 
These  short  interruptions  of  silence  give  the  idea  that  a  body 
is  being  dragged  over  a  rough  surface,  and  is  arrested  here 
and  there  by  projections,  either  on  itself  or  on  the  surface. 
The  noise  differs  from  any  other  inspiratory  sound  ;  once 
heard  it  cannot  be  mistaken.    If  the  ear  be  placed  on  the 
chest,  or  if  the  stethoscope  be  applied  very  gently,  in  cases 
where  the  pleuritic  roughness  is  not  considerable,  the  respi- 
ratory murmur  is  heard,  and  there  is  no  rubbing  sound  ;  but 
if  the  stethoscope  be  pressed  upon  the  walls,  the  respiratory 
murmur  is  replaced  by  the  friction-sound.    If  a  thin  layer  of 
wood,  the  lid  of  a  chip  pill-box,  be  inserted  into  the  open 
mouth  of  the  stethoscope,  and  if  it  be  then  applied  gently, 
the  respiratory  murmur  is  heard  ;  if  any  pressure  be  made, 
the  characteristic  rustling,  interrupted,  rubbing  sound  is 
heard  louder  and  more  pure,  more  free  from  any  accom- 
panying respiratory  murmur,  than  it  is  when  generated  by 
pressure  from  the  open  stethoscope.    This  most  important 
sign  gives   us  very  early  advice  of  the  development  of 
tubercle,  and  at  a  time  too  when   local  means  may  be 
applied  to  moderate  the  inflammation.     The  exertion  of 
pressure   brings   the  two  pleuritic  surfaces  closer  to  one 
another,  increases  the  friction,  and  brings  out  any  sound 
that  the  increased  friction  occasions.    When  the  ear  is  ap- 
plied no  pressure  is  made,  and  the  respiratory  murmur  is 
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heard,  as  the  masking  rubbing  sound  is  not  brought  out.  If 
the  pleuritic  roughness  be  considerable,  the  rubbing  sound 
is  heard  whether  pressure  be  made  or  not. 

Where  pleuritis  exists,  the  play  of  the  lung  on  breathing, 
as  well  as  the  volume,  is  frequently  increased.  The  tuber- 
culous differs  thus  from  the  simple  pleuritis  :  in  the  early 
stages  of  the  latter  disease,  though  the  permanent  volume 
of  the  lung  be  increased,  yet  its  play  is  decidedly  dimin- 
ished ;  in  the  former,  the  play  and  volume  of  the  lung  is 
usually  greater  than  it  is  in  the  healthy  state. 

Cavernous  Respiration, — If  a  cavity  be  formed,  cavernous 
respiration  is  heard.  This  sound  varies  in  quality  and  loud- 
ness with  the  size  of  the  cavity.  If  the  cavity  be  large,  it 
is  clear,  hollow,  and  hissing,  resembling  the  noise  made  by 
blowing  into  an  empty  bottle.  The  inspiratory  noise  is 
more  ringing  than  the  expiratory.  The  sound  is  formed  by 
the  rushing  of  the  air  through  a  narrow  opening  suddenly 
into  an  expanding  cavity  ;  the  friction  of  the  air  so  rushing 
excites  a  hissing  sound,  that  is  carried  onwards  into  the 
cavity,  and  reflected  in  successive  vibrations  between  its 
walls  and  centre.  The  prolonged  cavernous  vibration  gives 
the  hollow  ringing  character  to  the  hissing  sound.  The  ex- 
piratory sound  is  alike  hissing  with  the  inspiratory  ;  it  is 
often  louder,  and  has  a  peculiarly  flat,  hollow  character, 
somewhat  modified  from  the  ringing  stamp  of  the  inspira- 
tory sound  ;  it  gives  the  impression  of  air  rushing  out  of 
the  cavity. 

It  is  important  to  know  well  the  difference  in  character 
between  the  expiratory  cavernous  sound  and  the  expiratory 
friction  sound ;  there  is  great  similarity  between  them ; 
but  the  latter  is  more  superficial  than  the  former :  it  has 
no  hollow  character,  and  seems  to  rush,  as  it  were,  quickly 
past,  whereas  the  former  penetrates  the  ear. 
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Pectoriloquy. — When  the  patient  whispers,  the  loud,  pene- 
trating, cavernous  expiratory  sound  is  heard ;  when  he  speaks, 
the  vocal  resonance  acquires  a  ringing  character,  from  the 
modulation  given  by  the  cavity  to  the  adopted  vocal  vibra- 
tions. This  modulation  gives  the  impression  that  the  vocal 
vibrations  are  stronger  over  the  cavity ;  but  on  applying  the 
hand  this  is  often  found  not  to  be  the  case  ;  sometimes, 
indeed,  they  are  weaker,  and  yet  the  vocal  resonance  ap- 
pears louder.  The  most  important  modification  of  the 
vocal  resonance  is  that  given  by  the  expiratory  whispering, 
hissing  sound,  which  is  excited  and  heard  during  speech, 
and  which  modulates  the  vocal  vibrations,  giving  them  a 
penetrating  and  confused,  almost  tremulous,  character.  After 
the  vocal  resonance  has  ceased,  it  always  does  so  towards 
the  end  of  a  word,  the  hissing  whispering  noise  is  audible 
by  itself  for  a  short  time.  If  the  attention  be  fixed  on  the 
hissing  sound,  it  can  be  heard  .separately  during  the  whole 
duration  of  the  vocal  resonance.  The  effect  of  chest  speak- 
ing, pectoriloquy,  is  due  to  the  penetrating  respiratory 
friction-sound  which  accompanies  and  modifies  the  vocal 
resonance. 

The  cavernous  sounds  vary  much  in  difierent  subjects  ; 
the  variations  are  dependent  on  the  size  of  the  cavity,  the 
quality  of  its  walls,  and  the  amount  of  its  contents.  The 
ringing  sound  is  often  inaudible  when  the  cavity  is  small 
or  contains  fluid. 

Gurgling  Metallic  Tinkling. — If  there  be  fluid  contained 
in  the  cavity,  it  collects,  in  part,  at  the  opening ;  the  air 
passes  through  it  in  interrupted  jets ;  what  would  have 
been  a  mucous  noise  in  a  bronchial  tube  gives  the  effect 
of  gurgling,  of,  as  it  were,  bubbles,  breaking  with  something 
of  a  ringing  noise,  as  they  do  on  the  surface  of  boiling  water 
in  a  deep  pot.    This  gurgling  sound  is  very  various  ;  some- 


174 


ON  CHANGES  IN  THE  SITUATION 


times  a  few  tics  are  heard,  each  of  which  has  a  ringing  sound. 
In  some  cases  every  cHck  or  noise,  however  excited  in  or  near 
the  cavity,  has  a  metalHc  tinkle  or  very  sharp  ring.  This 
resembles  closely  the  noise  heard  in  the  stomach  when  the 
agitation  of  its  liquid  contents  excites  sound  and  when  that 
sound  is  prolonged  in  a  sharp  ring  by  the  cavity  of  the 
stomach,  which  takes  up,  reverberates,  and  prolongs  the 
noise.     The  difference  between  the  sound  excited   by  a 
struck  tuning-fork  when  held  in  the  air,  and  that  which  it 
brings  out  when  the  tip  is  placed  on  a  hollow  box,  gives 
an  idea  of  the  method  in  which  a  cavity  modifies  a  sound 
by  taking  it  up  and  prolonging  it.    In  the  case  supposed, 
the  walls  of  the  box  vibrate  as  well  as  the  air  in  the  cavity  ; 
and  wherever  there  is  metallic  tinkling  it  is  probable  that  the 
walls  have  a  vibrating  quahty.    We  know  that  they  have  in 
pneumo-thorax,  and  the  tense  walls  of  the  stomach  and  the 
firm  walls  of  some  cavities  surely  have  a  resonance  of  their 
own ;  whether  the  solid  walls  have  or  not,  the  cavity  is  quite 
able  to  prolong  the  sound  by  its  echoes,  so  as  to  give  it  a 
metallic  ringing  character.    The  sharper  the  first  noise,  the 
sharper  and  more  metallic  is  the  ringing  response  in  the 
cavity. 

I  have  not  myself  met  with  metalHc  tinkling  in  a  pulmo- 
nary cavity,  though  I  have  heard  it  on  several  occasions 
where  there  was  confined  effusion  of  air  in  the  pleuritic 
cavity. 

The  mucous  and  gurgling  noises  generated  at  the  mouth 
of  the  cavity,  sometimes  only  exist  at  the  beginning  of  the 
inspiration  and  at  the  end  of  the  expiration,  thus  differing 
from  the  sonorous  and  mucous  noises  in  the  narrowing  bron- 
chial tubes  affected  with  bronchitis,  which  are  often  only 
present  at  the  end  of  inspiration  and  the  beginning  of  ex- 
piration.   I  suppose  the  cavernous  modification  is  due  to 
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the  rushing  in  of  air,  driving  away  the  mucus,  enlarging 
the  cavity,  and  allowing  the  mucus  to  slide  into  the  de- 
pending hollow  of  the  vomica,  thus  leaving  the  inlet  ^unin- 
terrupted ;  and  that  the  expiratory  contraction  of  the  cavity 
brings  the  fluid  gradually  nearer  to  the  outlet,  which  it  at 
length  clogs,  so  that  the  air  at  last  passes  out  in  interrupted 
jets. 

When  the  patient  coughs,  a  loud  ringing,  hollow,  rushing 
noise  is  heard,  more  characteristic  than  any  sound  that 
either  voice,  whispering,  or  breathing  gives  birth  to.  This 
sound  was  prolonged  backwards  in  one  case,  that  from 
which  Diagram  L.  6  was  taken,  immediately  after  the  cough  ; 
the  resilience  of  the  walls  of  the  cavity  seemed  to  jerk  them 
back  to  their  former  dimensions,  independently  of  the  ex- 
panding influence  of  inspiration,  which  had  not,  indeed,  yet 
been  exerted. 

Vocal  resonance  is  in  general  unusually  feeble  over  the 
lessened,  partially  condensed,  tuberculous  lung,  prior  to  the 
formation  of  a  cavity.  If  the  distance  between  a  cavity 
and  the  walls  of  the  chest  be  considerable,  the  resonance 
is  feeblest  on  the  affected  side. 

Heart's  Seat  and  Sounds  in  Phthisis. — The  heart  usually 
touches  the  surface  over  a  large  space.  The  second 
diastolic  impulsive  sound  is  often  heard  very  loud  and  ring- 
ing over  the  second  left  intercostal  space  ;  the  systolic  im- 
pulsive sound  is  also  usually  loud.  The  heart's  sounds  are 
generally  heard  over  a  great  extent  ;  the  heart  and  its 
sounds  descend  on  a  deep  inspiration. 

Phthisis  involves  Inflammation. — The  causes  and  general 
history  of  the  first  symptoms  in  phthisis  all  tend  to 
prove  that  it  is  essentially  a  disease  involving  inflammatory 
action.  The  skin  is  susceptible  of  the  influence  of  cold  in 
those  liable  to  phthisis,  whether  that  susceptibility  be  the 
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result  of  transmitted  feebleness  of  constitution,  or  confine- 
ment and  want  of  exercise,  or  deficient  food,  or  mental 
depression.  Exposure  of  the  skin  to  cold,  especially  after 
perspiration,  excites  catarrh  and  slight  rigor,  followed  by 
heat  of  surface  and  fever ;  adhesive  sputa  are  expectorated, 
which  are,  in  a  very  great  proportion .  of  cases,  mottled  with 
spots  of  blood.  The  bloody  sputa  form  another  point  of 
analogy  between  pneumonia  and  phthisis.  The  progress 
and  winding-up  of  the  disease  is  still  marked  by  symptoms 
of  inflammation. 

Source  of  Blood  in  Hcemoptysis, — It  is  difficult  to  assign 
the  source  of  the  large,  sudden  evacuations  of  blood,  so 
common  towards  the  later  pages  in  the  history  of  the  con- 
sumptive.   The  seat  from  whence  they  spring  can  but  seldom 
be  found  on  post-mortem  examinations.    But  they  doutless 
spring  from  the  softening  walls  of  the  tuberculous  cavities, 
which  are  vividly  supplied  by  blood-vessels.    The  pulmonary 
artery  is  especially  the  seat  of  tuberculous  disease  ;  I  doubt 
not  that  its  walls  often  give  way  by  the  onward  spread  of  the 
degenerative  structure ;  the  inner  lining  becomes  softened, 
pulpy,  and  broken  up,  while  the  neighbouring  tuberculous 
disease  is  rapidly  degenerating.     Another  probable  source 
of  haemorrhage  is  the  giving  way  of  the  minute,  highly- 
ramified  vessels  in  the  softened  walls  of  the  bronchial  tube ; 
but  this  is  included  in  the  previous  hazard,  as  to  the  softened 
walls  of  the  vomica  being  the  fountain  of  the  blood.  The 
quietness,  and  the  freedom  from  cough  and  from  any  irritation 
in  the  larynx  or  lungs,  which  so  often  exist  during  alarming 
hemorrhages  from  the  lungs,  are  well  worthy  of  reflection. 
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OTHER  DISEASES  IN  WHICH  THE  LUNGS  ARE  WHOLLY  OR 
PARTIALLY  DIMINISHED. 

Diminution  of  tJie  Lungs  and  narrowing  of  the  Chest,  ivith 
descent  of  the  DiapJiragvi,  from  Constriction  of  the  Larynx  or 
Trachea. — The  general  narrowing  and  inspiratory  falling 
back  of  the  costal  walls,  owing  to  exxessive  and  ineffectual 
diaphragmatic  contraction  and  descent,  in  those  subject  to 
great  constriction  of  the  larynx  or  trachea,  has  been  already 
stated.  (See  page  57.)  In  such  cases,  the  descent  of  the 
diaphragm  displaces  the  lungs  downwards;  and  as  the  air 
cannot  find  its  way  through  the  narrowed  inlet  into  the  lungs 
so  rapidly  as  to  supply  the  extent  of  lung  displaced,  the 
atmospheric  pressure  pushes  back  the  costal  walls  upon  the 
lungs.  The  same  process  goes  on  to  a  smaller  extent  in 
the  emphysematous  and  in  the  phthisical  in  certain  stages. 

Dimifiution  of  the  Lungs,  narrowing  of  the  Chest,  and 
elevation  of  the  Diaphragm,  from  frequent  irritable  CougJi. — 
Many  persons  whose  lungs  are  free  from  disease  are  sub- 
ject to  frequent  distressing  cough,  brought  on  by  the  slightest 
exposure  to  cold,  such  as  leaving  a  room,  going  out  of 
doors,  getting  up  from  between  the  warm  sheets  into  the 
comparatively  cold  air  of  the  bed-room,  exposure  of  the 
unprotected  skin  to  cold  in  voiding  urine.  Such  persons 
are  the  subjects  of  constant  cough  in  cold,  damp  weather  : 
frequently  either  a  full  meal  or  want  of  food  will  excite  the 
cough.  There  is  no  attempt  to  draw  in  frequent  deep  in- 
spirations ;  if  there  be,  the  inspiration  is  soon  cut  short  by 
an  attack  of  coughing.  The  violent  expiratory  exertion  of 
coughing  excites  panting  dyspnoea.  The  patient  attempts  to 
relieve  himself  by  numerous  short  rapid  inspirations.  The 
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cause  of  this  irritable  cough  is  the  excessive  susceptibility  of 
the  skin  to  the  impression  of  cold.  The  result  is  a  general 
gradual  diminution  of  the  bulk  of  the  lungs.  The  chest 
becomes  narrowed,  the  diaphragm  is  gradually  raised,  and 
the  abdominal  organs  become  disproportionately  large. 

Abdominal  Distension  a  cause  of  narrowing  of  the  Costal 
Walls,  dimi?intion  of  tJie  Lungs,  and  raising  of  the  Dia- 
phragm.— The  influence  of  abdominal  distension  and  en- 
largement of  the  liver  and  spleen,  in  pushing  up  the  dia- 
phragm and  lessening  the  volume  of  the  lungs,  has  been 
already  noticed. 

Causes  of  Contraction  zvith  Consolidation,  or  simple  Con- 
traction of  one  Lung  or  portioji  of  a  Lung, — Where  the 
inspiratory  movements  of  one  side  of  the  chest,  although 
the  lung  of  that  side  be  quite  healthy,  would  give  pain 
to,  or  increase  inflammation  in,  a  contiguous  part,  as  the 
scapula  or  shoulder-joint,  then  that  side  of  the  chest  does 
not  expand  during  inspiration  ;  it  is  constantly  narrow 
and  motionless  ;  the  lung  is  compressed  and  shrunk  up. 

Where  a  lung  or  portion  of  a  lung  is  consolidated  and 
contracted,  there  the  costal  walls,  instead  of  having,  during 
an  inspiration,  the  usual  inspiratory,  have,  on  the  contrary, 
an  expiratory  movement.  The  costal  walls  contract  on 
the  consolidated  portion  of  lung,  when  an  inspiration  per- 
mits a  portion  of  the  consolidated  mass  to  find  its  way  into 
the  expanded  portion  of  the  chest ;  the  diameter  of  the 
contracted  portion  of  lung  is  lessened  as  the  bulk  of  it  is 
elongated ;  consequently  the  pressure  of  the  atmosphere 
forces  the  costal  walls  back  on  the  narrowed  portion  of 
lung 

If  the  lower  lobe  be  contracted  and  consolidated,  the 
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Diagram  L.  7. -CONTRACTION  AND  CONSOLIDATION  OF  THE 
LOWER  LOBE  OF  THE  LEFT  LUNG. 

John  Wilcockson,  aged  40,  Labourer,  Patient  of  Dr.  Davidson. 


i.-i''  Summits  of  the  lungs;  la.  Consolidated  contracted  portion  of  the  left 
lung.  2.  Lower  edges  of  the  right  lung  ;  2a.  Lower  edges  of  the  right  lung 
lowered  by  deep  inspiration.  3.  Heart's  superficial  dulness.  4'.  Heart's  deep- 
seated  dulness.  5',  Upper  bound  of  the  liver  ;  5.  Liver.  Dotted  line,  Stomach. 
In  contraction  and  consolidation  of  the  lung  the  ribs  fall  in,  during  inspiration, 
over  the  affected  lung. 

The  figures  at  the  sides  denote  the  measurements  on  each  side,  from  the  spine  to 
the  centre  in  front,  under  the  axilla,  over  the  lower  margins  of  the  lungs,  and  over 
the  lowest  edge  of  the  ribs  and  their  cartilages. 

N  2 
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opposite  lung  becomes  unusually  dilated,  and  it  and  the 
heart  encroach  somewhat  on  the  affected  side  ;  the  diaphragm 
and  the  abdominal  organs  below  the  healthy  lung  tend 
over,  to  a  certain  extent,  to  the  affected  side. 


THE  HEART  IN  THE  STATE  OF  HEALTH. 

On  tJie  Heart.  — The  usual  position  of  the  heart,  its 
cavities,  valves,  and  great  vessels,  has  been  shown  already 
at  pp.  8-20,  and  may  be  seen  in  the  first  seven  diagrams. 
The  influence  of  a  deep  inspiration  in  lowering  all  these 
parts  is  detailed  at  pp.  5r-5S,  and  is  illustrated  in  Diagrams 
6,  II,  12,  13,  and  L.  i  and  2. 

During  the  years  1835  and  1836  I  measured  the  valvular 
communications  and  great  vessels  of  the  heart.  By  inserting 
a  graduated  cone  into  the  vessels  or  outlets,  I  ascertained 
their  respective  diameters.  After  a  time  I  injected  the 
cavities  of  the  heart  with  plaster  of  Paris  ;  when  the  plaster 
had  hardened  I  cut  out  the  casts  of  the  cavities  thus  formed  ; 
I  dipped  each  of  the  casts  into  water,  noticing  how  much 
water  the  cast  of  each  auricle  and  of  each  ventricle  displaced  ; 
I  also  measured  the  dimensions  of  the  various  vessels  and 
communications.  I  did  not  arrive  at  a  perfectly  accurate 
estimate  of  the  relative  proportion  of  the  cavities,  and  their 
outlets  and  inlets,  by  these  means  ;  but  as  an  approximation 
I  venture  to  make  the  subjoined  statements  : — 

Relative  dhnejisions  of  tJie  Auricles,  Ventricles,  and  Great 
Vessels. — In  a  girl,  14  years  old,  both  cavities  of  the  heart 
were  enlarged  ;  the  injection  distended  the  left  cavities 
as  completely  as  the  right.    The  casts  of  the  right  and 
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left  ventricles  displaced  each  the  same  quantity  of  fluid,  viz., 
three  ounces  and  six  drachms.  The  cast  of  the  right  auricle 
displaced  the  same  amount  as  that  of  the  right  ventricle, 
viz.,  three  ounces  and  six  drachms.  That  of  the  left  auricle 
displaced  two  ounces  and  six  drachms.  If  this  example 
be  a  fair  criterion,  and  I  think  it  is,  it  may  be  stated  that 
each  ventricle  contains,  when  distended,  the  same  amount 
of  fluid.  If  the  ventricles  empty  themselves  completely 
during  their  contraction,  they  must  each  hold  the  same 
quantity  of  blood.  In  the  average  of  contractions,  the 
same  quantity  of  blood  that  is  sent  from  the  left  ventricle 
must  have  been  sent  to  it  by  the  right  ventricle  during 
an  equal  number  of  pulsations.  During  an  inspiration 
the  right  ventricle  receives  and  sends  forth  more  blood 
than  the  left.  During  an  expiration  the  left  ventricle  dis- 
charges more  blood  into  the  system  than  the  right  does 
into  the  lungs  ;  but  the  two  ventricles  balance  each  other 
exactly,  in  the  course  of  six  or  seven  beats,  of  two  or 
three  inspirations.    (See  pp.  6i,  62.) 

The  right  auricle  and  right  ventricle  contain  about  an 
equal  quantity  of  blood. 

The  left  auricle  holds  about  three-fourths  less  blood  than 
the  left  ventricle. 

In  the  heart  just  referred  to — 


The  pulmonary  artery  was  .  . 
Each  pulmonary  vein  was  about . 

The  aorta  was  

The  superior  vena  cava  was  . 
The  inferior  vena  cava  was  . 


i'!(,ths  of  an  inch  in  diameter. 

A  an  inch  ditto. 

I'Tuths  of  an  inch  ditto. 

vffths  of  an  inch  ditto. 

I  inch  ditto. 


The  communication  between  the  right  cavities  had  a  long 
diameter  of  one  inch  and  three-tenths ;  but  as  this  opening 
is  irregularly  oval,  its  area  is  not  expressed  by  its  diameter  ; 
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perhaps  its  area  was  four-fifths  of  the  area  of  a  circle  of  the 
same  diameter. 

The  same  remark  applies  to  the  left  auriculo-ventricular 
opening,  whose  long  diameter  was  about  one  inch  and  two- 
tenths  ;  the  area  of  this  opening  was,  perhaps,  five-sixths 
of  the  area  of  a  circle  of  like  diameter. 

About  1 6  inches  of  the  aorta  would  hold  the  contents  of  the  left  or  right 
ventricle  ; 

About  12  inches  of  the  pulmonary  artery, 

About  9|  or  lo  inches  of  the  combined  pulmonary  veins, 

About  7  or  7^  inches  of  the  combined  venas  cavas, 

About  8  or  8^  inches  of  a  tube  the  cahbre  of  the  right  auriculo-ventricular 

communication,  and 
About  8i  or  9  inches  of  a  tube  the  cahbre  of  the  left  auriculo-ventricular 

communication,  would  hold  the  contents  of  cither  ventricle. 

Experimental  Observations  of  the  Motions  of  the  Heart. — 
I  have  observed  the  motions  of  the  heart  in  the  ass  in 
more  than  one  instance.  I  injected  into  the  jugular  vein 
from  two  to  three  grains  of  the  wourali  poison,  that  was 
supplied  to  me  by  Mr.  Waterton  ;  I  kept  up  artificial  re- 
spiration, removed  the  ribs,  and  exposed  the  heart.  In 
one  ass  the  heart  continued  to  beat  for  four  hours  with 
full  energy  ;  at  the  end  of  that  time  the  animal  showed 
signs  of  returning  sensation  ;  I  cut  out  the  heart  while 
beating  with  full  vigour.  The  struggles  of  the  animal 
did  not  cause  any  back-flow  of  blood  into  the  tied  jugular 
vein  through  which  the  poison  was  injected  ;  the  vein  swelled 
behind  the  ligature.  To  ascertain  the  gliding  movements 
of  the  heart,  I  fixed  pins  first  into  one  part,  then  into 
another,  of  the  moving  walls. 

Gliding  Movements  of  the  Left  Ventricle —Dmmg  the 
ventricular  contraction  and  auricular  distension,  the  apex 
of  the  ventricle  became  hard  and  firmly  pointed  ;  it  felt 
like  the  pushed  revolving  point  of  a  pencil.    To  the  eye. 
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the  apex  scarcely  projected  at  the  beginning  of  the  systole, 
but  the  applied  finger  was  lifted  up  and  pushed  forwards. 
The  point  of  the  apex  gradually  approaches  the  base  of  the 
ventricle,  moving  meanwhile  from  right  to  left;  at  the  end  of 
the  systole  it  is  bent  over  to  the  left,  and  is  about  one-third  of 
an  inch  nearer  the  left  auricle  than  at  the  beginning.  While 
the  point  of  the  apex  moves  from  right  to  left,  the  increasing 
cone  of  the  left  ventricle  for  about  one-third  of  its  length  has 
a  revolving  motion  from  left  to  right.  The  ventricular  walls 
have  no  lateral  glide  at  about  the  distance  of  two-thirds  from 
the  auricle  ;  between  this  zone  of  comparative  rest,  and  the 
auricle,  the  walls  of  the  ventricle  move  from  right  to  left. 
In  other  words,  while  the  apex  moves  from  right  to  left, 
the  walls  of  the  ventricle  near  the  apex  move  from  left  to 
right,  and  those  near  the  auricle  move  from  right  to  left. 
The  posterior  walls  of  the  left  ventricle  have  gliding 
lateral  movements,  the  exact  opposite  in  direction  to  those 
in  front ;  those  near  the  apex  being  from  right  to  left, 
while  those  near  the  auricle  are  from  left  to  right. 

Wherever  the  junction  of  the  left  ventricle  to  the  auricle 
can  be  observed,  the  apex  and  the  base  of  the  ventricle 
approach  each  other  steadily  during  the  whole  systole. 
The  upward  and  backward  movement,  or  that  from  apex 
to  base,  extends  from  the  point  of  the  ventricle  to  within 
half  an  inch  of  the  auricle ;  there  is  here  a  zone  of  com- 
parative rest ;  between  that  zone  and  the  auricle  the  motion 
is  from  above  downwards  and  forwards,  or  from  auricle  to 
apex  ;  the  vertical  ascending  movement  is  most  extensive 
towards  the  apex. 

The  outer  and  posterior  wall  of  the  left  ventricle,  that 
on  which  the  columns  of  the  mitral  valves  are  attached, 
moves  steadily  inwards  during  systole.  That  portion  of 
the  wall  close  to  the  right  ventricle  advances  slightly,  and 
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the  front  \vall  behind  the  right  ventricle  appears  to  advance 
also. 

While  these  ventricular  systolic  movements  take  place 
the  aorta  is  drawn  downwards  about  a  quarter  of  an  inch. 

When  the  auricular  attachment  of  the  ventricle  descends, 
moves  forward,  and  approaches  the  apex,  the  left  auricle 
steps  forward  and  downward  into  the  place  just  occupied 
by  the  ventricular  base.  The  whole  auricle  and  the  pul- 
monary veins  become  distended,  the  auricular  portion  of 
the  auricle  fdls,  and  advances  steadily  forward  for  about 
half  an  inch.  It  appears  as  if  the  distending  auricle  lifted 
up,  tilted  forwards,  and  displaced  the  contracting  ventricle. 
The  v/alls  of  the  previously  filled,  bulging,  relaxed  right 
ventricle  become  suddenly  tense,  and  quickly  and  steadily 
fall  back  and  become  flat. 

Gliding  Movements  of  the  Right  Ventricle. — The  distance 
between  the  right  auricle  and  the  ventricular  septum  rapidly 
diminishes.  The  auricular  edge  moves  extensively  from 
right  to  left ;  the  edge,  at  the  ventricular  septum,  has  the 
motion  of  the  adjoining  left  ventricle,  by  the  movements 
of  which  it  is  dragged.  The  anterior  and  upper  fibres, 
those  near  the  pulmonary  artery,  move  from  right  to  left, 
while  the  fibres  near  the  apex  move  from  left  to  right. 

The  fibres  of  the  inferior  wall  of  the  right  ventricle 
become  suddenly  straight  and  tense  at  the  beginning  of 
the  systole ;  and  though  the  fibres  shorten,  the  straighten- 
ing of  the  bellying  walls  at  first  overbalances  the  muscular 
shortening,  so  that  the  end  near  the  apex  protrudes  and 
seems  to  lift  forwards  the  apex.  The  auricular  attachment 
moves  gradually  forward,  the  auricle  replacing  the  ventricle; 
The  lower  border  of  the  right  ventricle,  and  the  outlet 
at  the  pulmonary  artery,  gradually  approach  each  other 
during  the  systole  :  the  walls  everywhere  move  from  below 
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upwards,  with  a  diagonal  movement  from  right  to  left,  until 
within  about  half  an  inch  of  the  pulmonary  artery;  there 
the  walls  are  stationary  ;  between  that  point  and  the  artery 
they  move  from  above  downwards.  The  pulmonary  artery 
is  dragged  downwards,  about  a  quarter  of  an  inch,  by  the 
neighbouring  descending  fibres  of  the  right  ventricle. 

The  right  auricle,  previously  flaccid,  is  gradually  distended 
during  the  ventricular  systole :  the  auricular  portion,  before 
scarcely  perceptible,  becomes  swollen,  and  advances  boldly 
and  rapidly  forward  from  right  to  left,  for  about  two-thirds  of 
an  inch. 

Aiiricular  Contraction  and  Ventricular  Distension. — Imme- 
diately on  the  termination  of  the  systole  the  walls  of  the 
ventricles  become  flaccid,  those  of  the  right  ventricle  advance 
instantly  forward  to  their  former  position,  and  from  being 
rigid,  flat,  and  contracted,  become  flaccid,  swollen,  and  bulging  ; 
at  the  same  time  the  venae  cavae  first,  and  then  the  body  and 
auricular  portion  of  the  right  auricle,  rapidly  contract.  The 
auricular  walls  are  comparatively  tense  during  this  contraction, 
immediately  after  which  the  auricle  gradually  fills. 

The  left  ventricle  becomes  lengthened,  its  apex  descends 
and  moves  to  the  right,  its  muscular  fibres  become  flaccid> 
and  the  posterior  walls  belly  out  and  move  backwards  during 
the  diastole  ;  the  movements  of  the  left  auricle  are  parallel 
with  those  of  the  right. 

Vermicular  Contractions. — The  muscular  movements  com- 
mence in  the  veins,  the  venae  cavae  on  the  right,  the  pulmonary 
artery  on  the  left  side.  A  slight  wave  of  venous  contraction 
propagates  itself  to  the  body  and  auricular  portion  of  each 
auricle;  this  venous  contraction  is  concurrent  with  the  second 
sound  and  with  the  second  slight  dancing  pulsation  (see  p. 
22)  of  the  jugular  veins.  Is  not  that  second  pulsation  the 
same  with  the  vermicular  venous  contraction  } 
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Immediately  after  the  ventricular  systole,  the  auricles  con- 
tract and  the  ventricles  expand.  The  walls  of  the  auricles 
still  embrace  closely  the  blood  that  is  propelled  forwards 
through  the  auricles  into  the  ventricles,  by  the  recoil  of  the 
walls  of  the  arteries  stretched  during  the  systole.  (See 
p.  22.) 

The  vermicular  contractions  appeared  to  be  propagated 
from  the  auricles  to  the  posterior  walls  of  the  ventricles  ; 
thence  they  seemed  to  affect  the  fibres  of  the  right  ventricle 
onwards  to  the  pulmonary  artery,  and  those  of  the  left  ven- 
tricle, from  right  to  left,  then  from  behind  forwards,  and  finally 
from  left  to  right.  Undulatory  contractions  are  observed, 
during  the  systole,  to  traverse  the  ventricle  from  auricle  to  apex. 

The  left  auricle  was  unusually  filled  during  the  inflation  of 
the  lungs.  If  the  artificial  respiration  ceased,  the  left  auricle 
became  more  and  more  contracted  at  each  beat,  until  at 
length  no  distension  nor  forward  movement  of  the  auricular 
portion  took  place  during  the  ventricular  systole. 

Effects  of  arresting  the  Systemic  and  Pulmonic  Arteries  and 
Venous  Circulation. — On  arresting  the  flow  of  blood  through 
the  pulmonary  artery  by  pressure,  less  blood  was  sent  into 
the  left  auricle  at  the  very  next  beat ;  the  quantity  of  blood 
diminished  at  each  successive  pulsation  ;  and  after  eight  or 
nine  contractions  of  the  heart,  the  auricular  portion  was  quite 
inverted,  and  the  auricle  appeared  to  be  empty.  The  right 
ventricle  became  swollen  but  not  distended  ;  regurgitation 
was  evidently  permitted.  The  right  auricle  was  permanently 
distended  ;  the  auricular  contractions  took  place,  but  were 
feeble. 

On  compressing  the  superior  vena  cava,  the  right  auricle 
and  right  ventricle  during  diastole  were  expanded  to  only 
about  half  their  previous  bulk  ;  the  left  auricle  and  the  left 
ventricle  became  smaller. 
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On  compressing  the  aorta,  the  right  auricle  was  less  dis- 
tended at  the  very  next  beat,  and  became  progressively  less 
during  the  next  eight  or  ten  pulsations,  after  which  it,  as 
well  as  the  right  ventricle,  held  but  little  blood  ;  meanwhile 
the  left  cavities  became  distended  and  the  left  ventricle  acted 
violently  ;  on  diastole,  the  distension  was  relieved.  On  re- 
moving the  compression,  the  right  auricle  very  soon  became 
swollen,  and  the  heart's  action  became  rapid  and  violent. 

On  compressing  the  left  pulmonary  veins  the  right  auricle, 
after  a  few  beats,  received  less  blood ;  the  contractions  of  the 
rirrht  auricle  and  of  the  ventricles  diminished  in  extent  and 

o 

frequency.  On  removing  the  compression  the  action  of  the 
heart  became  powerful  and  rapid. 

Change  of  the  Axis  of  the  Ventricles  during  Systole. — The 
heart  was  cut  out  when  beating  with  full  vigour ;  the  left 
ventricle  was  opened  through  the  right  ventricle  and  in- 
ter-ventricular wall:  during  systole  the  two  fleshy  columns 
contracted  and  approached  each  other;  the  ventricular 
wall  between  them  moved  steadily  inwards  towards  the 
septum. 

The  left  ventricle  may  be  styled  the  centre  pivot  of  the 
heart ;  it  is  fixed  in  its  place,  in  relation  to  the  lungs,  by  the 
attachment  of  the  pulmonary  veins.  The  varying  distension 
and  contraction  of  the  auricle  appear  to  lift  up  and  tilt  for- 
ward, or  draw  backward,  the  auricular  attachment  of  the  ven- 
tricle. During  the  systole  the  fleshy  columns  approach,  and 
form,  with  the  advancing  wall  of  the  ventricle  the  columnse 
carneae  and  the  right  tendinous  valvular  web,  the  systolic 
outer  wall.  The  anterior  walls  advance,  the  cavity  changes 
its  place,  being  more  to  the  right,  and  with  its  axis,  which  was 
formerly  in  the  direction  of  the  auricle,  now  pointing  to  the 
aorta.  The  contraction  proceeds  in  a  twisting  manner ;  the 
blood  is,  as  it  were,  wrung  out  of  the  cavity,  and  with  a  current 
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that  naturally  takes  the  twisted  direction  of  the  spring  and 
arch  of  the  aorta. 

The  auricle  has  its  attachment  to  the  system,  and  a  hinge 
of  movement  from  side  to  side,  in  the  ascending  and  descend- 
ing venae  cavae.  The  upward  and  downward  gliding  move- 
ments have  their  bearings  on  the  hinges  of  the  left  auricle, 
the  pulmonic  veins;  and  the  side-to-side  gliding  motions 
have  their  bearings  on  the  hinges  of  the  right  auricle,  the 
venae  cavae. 

During  the  systole  the  fleshy  columns  contract,  and  stretch 
the  tendinous  cords  and  webs  between  the  right  auricle  and 
the  right  edge  of  the  ventricular  septum  ;  the  septum  at  the 
same  time  bulges  forward,  and  makes  a  prominent  wall,  over 
which  the  valves  wrap  close  ;  the  valves  form,  indeed,  during 
systole,  the  posterior  wall  of  the  ventricle.  The  axis  of  the 
right  ventricle,  before  directed  from  left  to  right  towards 
the  auricle,  now  points  from  below  upwards  and  backwards 
towards  the  pulmonary  artery. 

A  second  impulse  is  often  felt  in  persons  whose  lungs  are 
diminished,  and  whose  great  vessels  come  close  upon  the 
sternum.  This  is  synchronous  with  the  second  sound,  and 
must,  I  conceive,  be  due  to  the  sudden  springing  forwards  of 
the  walls  of  the  right  ventricle  after  systole.  A  loud  ringing 
second  sound  is  often  heard  over  the  lower  part  of  the  sternum, 
over,  indeed,  the  whole  right  ventricle ;  this  is  more  ringing  than 
the  usual  second  sound,  and  is  deadened  by  the  interposition 
of  lung,  or  of  a  plate  of  wood  inserted  in  the  open  end  of  the 
stethoscope.  Is  not  this  second  sound  impulsive,  and  due 
to  the  rapid  return  of  the  ventricular  walls  upon  the  sternum 
and  costal  cartilages  This  sound  is  never  heard  over  the  left 
ventricle  ;  it  is  particularly  discernible  in  emphysema  over  the 
xiphoid  cartilage,  when  a  deep  inspiration  is  taken. 

The  impulsive  systolic  ring  heard  over  the  region  of  the 
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heart's  superficial  dulness  has  been  noticed  at  p.  20.  On  apply- 
ing the  stethoscope  to  the  walls  of  the  heart,  the  systolic 
ring  was  loud  and  prolonged  ;  on  interposing  a  film  of  lung, 
or  inserting  the  wooden  plate,  the  ring  was  not  heard,  but 
instead,  a  dull  systolic  rumble. 

Change  of  seat  of  Impulse  induced  by  Change  of  Posture. — 
I  have  only  observed  the  change  of  the  seat  of  impulse  induced 
by  change  of  position  in  one  healthy  person,  an  adult  of  full 
size.  When  he  lay  on  his  back,  the  impulse  of  the  apex  was 
felt  between  the  fourth  and  fifth  ribs,  just  below  the  nipple  ; 
the  fifth  rib  was  slightly  heaved  up.  When  he  lay  on  the  left 
side,  the  apex  was  felt  beating  strongly  between  the  fifth  and 
sixth  ribs,  an  inch  or  more  to  the  left  of  the  nipple.  When 
on  the  right  side,  the  impulse  of  the  apex  could  not  be  felt ; 
there  was  gentle  heaving  of  the  lower  part  of  the  sternum. 
When  he  lay  on  his  abdomen,  the  apex  was  felt  to  beat  over 
the  third  and  fourth  intercostal  spaces.  When  he  sat  up,  the 
apex  descended  from  the  fourth  to  the  fifth  intercostal  space. 

PERICARDITIS. 

Pericardium  and  Pleura  analogous  structures. — The  serous 
surfaces  of  the  heart  and  of  the  pericardial  fibrous  sac  have 
the  same  type  of  structure  with  the  serous  surfaces  of  the 
lungs  and  costal  walls.  The  pleura  and  pericardium  are  alike 
fibro-serous;  the  basis  or  framework  of  each  membrane, 
whether  attached  or  free,  is  fibrous,  aponeurotic  ;  the  surface 
is  in  each  alike  serous.  Inflammation  goes  through  the  same 
steps  on  the  pleura,  and  on  the  pericardium.  Pericarditis  and 
;  pleuritis  are  alike  in  essential  pathological  characters;  but  as 
the  heart  moves  with  its  own  energy,  and  cannot  for  a  second 
stand  still,  it  is  perpetually  driving  the  inflamed  surfaces 
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against  each  other;  consequently  considerable  modifications 
occur  in  and  follow  pericarditis,  that  do  not  obtain  during  and 
after  pleuritis. 

Neiv  Capillary  development. — I  have  had  several  oppor- 
tunities of  examining,  through  the  microscope,  hearts  that 
were  affected  with  comparatively  recent  pericarditis,  in  which 
the  capillaries  of  the  inflamed  structures  were  injected.  The 
very  same  general  appearances  presented  themselves  that 
were  observed  in  pleuritis  ;  the  old  capillaries  were  enlarged  ; 
many  of  them  were  irregularly  large  and  tortuous,  and  raised 
up  the  thin  and  transparent  serous  lining  over  a  series  of  loops, 
the  returns  of  a  beautiful  spiral  disposition  of  the  capillaries. 
This  spiral  direction  gave  a  character  to  pericarditis  that  the 
irregularly  large,  tortuous  vessels  of  pleuritis,  from  a  specimen 
in  the  same  subject,  wanted,  and  was  due,  undoubtedly,  to 
the  constant  alternate  tension  and  relaxation  of  the  muscular 
fibres. 

Usually  the  enlarged  spiral  vessels  gave  birth  to  new  capil- 
laries, having  still  the  tortuous,  bulging,  spiral,  and  irregular 
character  of  their  parent  vessels.  Here  and  there  clusterings 
of  these  new  capillaries  rose  up  above  the  level  of  the  pericar- 
dium, lifted  up  upon  them  the  transparent  serous  covering,  and 
formed  minute  papillae  of  new  capillary  growth  ;  some  of  these 
were  round,  others  were  oblong;  others,  again,  were  spread 
out  in  large  patches,  the  minute  capillaries  having  everywhere 
the  same  character  as  the  parent  vessel.  The  diffused  new 
capillary  development  was  chiefly  seated  over,  and  to  the  side 
of,  the  coronary  vessels.  These  vessels  were,  indeed,  every- 
where ninged  with  new  capillaries,  playing  spirally  at  right 
angles  to  them,  and  interlacing  in  loops,  twists,  and  curves  ; 
existing  too  in  every  variety  of  size,  from  enlarged,  bulging- 
out,  globular  capillaries,  to  minute  dwindled  points.    In  one 
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heart  the  parent  capillaries  were  nearly  straight  in  direction, 
and  of  equal  diameter  ;  the  new  capillaries  were  diffused  over 
the  whole  surface,  were  fine,  equal  in  size,  and  scarcely  curved  ; 
they  interlaced  at  right  angles  with  each  other.  The  larger 
capillaries  just  rufifled  the  surface  of  the  serous  membrane  ; 
but  there  were  no  projections  formed  by  them,  they  produced 
no  generally  raised  surface. 

Where  the  new  capillaries  sprung  up  in  crevices,  whose  ever- 
moving  sides  still  rubbed  on  each  other,  as  at  the  junction  of 
the  right  auricular  appendix  to  the  ventricle,  there  a  small 
bundle  was  drawn,  as  it  were  almost  spun  out  in  threads  ; 
these  filaments  stretched  from  one  surface  to  another,  and 
consisted  of  parallel,  though  tortuous,  inosculating  capillaries. 
Where  the  opposed  pericardial  surfaces  each  gave  forth  the 
capillary  growth,  the  relative  movements  after  coalition  spun 
from  each  the  common  threads  of  union  ;  many  of  these 
were  stretched,  gave  way,  and  lay  on  the  surface  of  the  heart 
in  the  looped  form  that  was  described  to  exist  in  pleuritis  ; 
others  again  formed,  side  by  side,  an  universal,  though  loose, 
large,  and  extensible  union,  that  yielded  with  every  movement 
of  the  heart. 

As  in  pleuritis  so  in  pericarditis,  the  development  of  the 
capillaries  was  arrested  by  the  very  structure  to  which  they 
gave  birth.  Some  capillaries  became  infinitely  fine,  and  were 
at  length  lost  in  a  point ;  others  that  were  minutely  distributed 
on  the  surface,  fined  off  by  degrees,  and  .left  a  white  pulpy, 
vessel-less  structure,  that  gradually  became  condensed  and 
filled  with  pearly  spots  and  waved  lines;  other  capillaries 
seemed  to  be  choked  up.  Some  very  bulging,  globular  capil- 
laries, seemed  to  be  supplied  by  others  that  were  exceedingly 
minute  ;  it  appeared  as  if  the  supplying  vessels  would  close  up, 
and  then  the  material  in  the  globular  bulges  would  condense 
into  new  firm  structure. 
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Tendinous  Patches  the  irsults  of  Pericarditis. — The  tendi- 
nous patches  in  the  coronary  vessels  that  are  observable 
on  almost  every  heart,  except  when  taken  from  the  very 
young,  are  formed  in  the  manner  just  described.  In  almost 
every  heart  showing  tendinous  patches,  a  beautiful  margin 
of  looped  tendinous  lines  fringes  the  auricular  appendices; 
these  are  often  quite  microscopic,  but  are  generally  apparent 
to  the  eye.  I  have  noticed  that  the  fibrous  patches  did  not 
exist  in  one  or  two  foetal  or  very  youthful  hearts  that  I 
have  examined  ;  but  I  have  observed  them  in  some  obtained 
from  mere  infants. 

Mild  form  of  Pericarditis. — In  many,  I  may  say  in  almost 
a  moiety  of  the  autopsies  that  I  have  made  during  the 
last  twelve  months,  of  the  persons  who  have  died  from 
lingering  disease  of  the  chest,  or  from  extensive  injuries, 
as  external  burns,  I  have  observed  that  the  pericardium 
contained  about  one,  two,  or  three  drachms  of  a  pale  yellow 
serous  fluid,  in  which  was  suspended  a  flocculent  cloudiness  ; 
and  that  the  appendix  of  the  right  auricle  was  fringed  with 
soft,  lacerable  filaments  stretching  between  it  and  the  right 
ventricle,  which  filaments  had  been  produced  during  the 
alternate  expansion  and  contraction  of  the  auricle.  In  the 
same  cases  there  were  often  new  filamentous  adhesions 
between  the  venre  cav?e  and  the  aorta,  and  the  adjoining 
pericardium.  In  some  of  these  cases,  small  spots  of  undue 
vascularity  existed  on  the  walls  of  the  heart,  especially 
over  the  coronary  vessels.  It  follows  from  these  observa- 
tions, that  pericarditis,  in  a  mild  but  active  form,  at  some 
time  or  other,  exists  during  the  life  of  almost  every  person. 

I  have  had  no  opportunity  of  examining  injected  hearts 
affected  with  pericarditis  in  the  modified  and  advanced 
forms.  Last  summer  I  examined  the  specimens  of  peri- 
carditis in  Dupuytren's  Museum,  at  Paris  ;  in  Saint  Thomas's 
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Hospital ;  and  at  the  Museum  attached  to  Fort  Pitt,  Chatham. 
The  latter  collection  is  of  unrivalled  richness ;  every  variety 
of  pericarditis  is  marshalled  there  in  choice  order.  I  beg 
to  offer  my  best  thanks  to  the  Deputy  Inspector,  Dr.  Scott, 
who  has  made  some  valuable  but  unpublished  observations 
on  the  varieties  of  the  products  in  pericarditis ;  to  Staff- 
Surgeon  Dr.  Kinnis ;  and  to  the  Curator,  Assistant-Surgeon 
Dr.  Mackenzie,  for  their  courteous  attention  when  I  examined 
the  Fort  Pitt  collection.  I  have  not  space  to  detail  the  full 
results  of  the  investigation  just  referred  to,  but  I  beg  leave 
to  state  the  following  leading  facts  : — 

Minute  Papillce  on  the  Pericardium. — When  the  surface 
of  the  pericardium  is  exposed,  it  is  usually  studded  all 
over  with  minute  papillae,  about  the  size  of  pins'  heads. 
In  one  injected  heart,  (Nos.  1424-5,  St.  Thomas's  Hospital 
Museum,)  these  papillae  were  very  minutely  injected ;  in 
another,  (No.  59,  Fort  Pitt  Museum,)  several  of  them  were 
uninjected  and  white,  like  islands  in  the  midst  of  diffused, 
exceedingly  minute,  injected  capillaries ;  they  resembled 
somewhat  the  miliary  tubercles  on  the  pleura  before  men- 
tioned. 

Less  organised  new  Membrane^  of  a  lace-like  surface. — 
Superficial  to  the  highly  injected,  irregularly  elevated  surface, 
,  was  a  yellowish,  apparently  ill-organized  membrane  ;  this  was 
•  covered  everywhere  with  minute,  shallow,  round  pits,  re- 
.  sembling  a  honeycomb  in  miniature,  or  the  mucous  membrane 
of  the  stomach  magnified,  or  fine  lace.    In  one  injected  heart 
many  of  the  highly-injected  papillte  peeped  through  this 
membrane ;  their  projections,  indeed,  formed  the  floor  of 
*  the  depressions,  the  bases  of  which  had  not  yet  been  formed ; 
the  appearance  was  exactly  as  if  a  piece  of  lace  were  spread 
over  a  vermilion  background. 

At  some  parts  of  the  heart  the  pitted  membrane  did  not 
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exist ;  at  others  it  was  thick,  gathered  up  in  irregular  pro- 
jections, some  round,  some  raggedly  pointed,  most  of  them 
oblong.  These  irregular  papillae  were  from  j^th  of  an  inch 
to  Jth  of  an  inch  in  size ;  combined,  they  had  a  shaggy 
appearance  ;  they  were  like  the  fine  curled  brown  seal-skin 
fur.  The  surfaces  of  the  projections  and  of  the  intermediate 
depressions  were  pitted  over  with  the  minute  lace-like  de- 
pressions. The  base  of  the  right  ventricle,  and  sometimes 
the  apex  of  the  right,  and  the  apex  and  outside  of  the  left 
ventricle,  the  right  auricle,  and  the  pulmonary  artery,  were 
the  most  usual  seat  of  these  shaggy,  brown,  clustered  pro- 
jections. They  gradually  subsided,  became  smaller  towards 
the  body  of  the  ventricle,  and  at  length  merged  in  the 
simple  lace-like  membrane. 

In  many  specimens  irregular  projections,  having  a  more 
organized  appearance,  rose  up  from  the  pericardium.  In 
others  the  surface  was  covered  by  minute,  pointed,  oblong 
projections,  exactly  resembling  the  appearance  left  after  the 
separation  of  two  unctuous  surfaces. 

In  a  few  specimens  a  very  loosely-adhering,  brittle,  ill- 
organized  new  membrane,  of  varying  smoothness,  chipped 
into,  and  half  peeled  off,  here  and  there,  as  it  were  plastered 
the  pericardium  over. 

Prolonged  pendulous  Filaments. — In  many  specimens  pro- 
longed filaments,  of  varying  thickness,  and  from  half  an  inch 
to  two  inches  in  length,  hung  pendulous  from  the  walls  of 
the  ventricle,  especially  near  the  apex  ;  these  often  formed 
filaments  of  adhesion  with  the  free  pericardium  ;  they  were 
of  an  organized,  soft  appearance ;  many  of  them  comprised 
a  congeries  of  fine  threads,  while  others  were  solid  and  bulky. 
In  many  places  single,  long  filaments  hung  down;  in  some 
specimens  they  were  mingled  with  tendinous  fibres,  evidently 
the  result  of  the  condensation  of  the  softer  material. 
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Section  of  Pericaniiiini  and  Heart. — In  one  heart  (Fort 
Pitt  Collection,  No.  io8)  a  section  is  made  into  the  ventricle 
through  the  pericardium.  In  this  specimen  the  muscle  is 
covered  by  a  thick,  brownish,  dense  couch,  about  ^V^h  of  an 
inch  in  thickness ;  outside  this  is  a  thin  tendinous  web,  ap- 
parently the  original  fibrous  pericardial  coat,  somewhat 
thickened  ;  this  is  covered  by  a  thick,  whitish,  dense,  mem- 
brane. This  couch  is  about  half  a  line  in  thickness,  and 
is  coated  by  a  brownish,  ill-organized,  outer  coating,  that 
is  studded  over  with  rather  large  papillae.  In  one  specimen 
the  pericardium  is  nearly  an  inch  thick ;  other  specimens 
present  a  villous  appearance. 

The  free  pericardium  is  affected  in  a  manner  precisely 
similar  with  that  which  is  attached  ;  its  fibrous  framework 
is  usually  much  thickened,  sometimes  to  the  tenth  of  an 
inch ;  it  is  lined  by  a  new  membrane,  having  exactly  the 
same  character  as  that  on  the  opposed  attached  pericardium. 
If  the  one  be  studded  with  minute  elevations  and  depressions, 
so  is  the  other  ;  if  the  one  be  shaggy,  so  is  the  other  ;  and  at 
whatever  parts  of  the  heart  are  seated  any  peculiarities  of 
shagginess,  or  projections,  or  pendulous  filaments,  opposite 
those  very  parts  on  the  free  pericardium  the  peculiarities  of 
the  surface  are  precisely  similar.  The  friction  of  the  one  sur- 
face against  the  other  evidently  gives  the  peculiarity  of  the 
impressions  on  the  opposed  surfaces.  The  varying  nature  of 
the  gliding,  compressing,  and  separating  movements,  will 
stamp  the  varying  nature  of  the  new  membrane  on  the  sur- 
face;  the  varying  lengths,  too,  of  the  pendulous  filaments 
will  depend  on  the  varying  extent  of  the  gliding  motions  of 
the  heart's  surface  on  that  of  the  free  pericardium. 

Effusion  of  Fluid.— \n  pericarditis,  especially  in  rheu- 
matic pericarditis,  the  quantity  of  serum  increases  in  the 
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pericardium  with  amazing  rapidity  ;  sometimes  the  sac  is  dis- 
tended to  an  enormous  size.  To  ascertain  the  form  of  the 
distended  pericardial  sac  and  the  displacement  of  lungs 
affected  by  the  effusion,  I  injected  as  much  fluid  into  the 
pericardial  sac  as  it  would  contain.  (Diagrams  4,  12,  and 
19,  in  which  the  form  of  the  distended  sac  is  well  seen.) 
The  great  volume  of  the  sac  surrounding  the  body  of  the 
heart  is  globular.  There  is  a  subsidiary  bulge,  as  it  were, 
an  appendix  over  each  of  the  great  vessels  ;  that  over  the 
origin  of  the  venae  cavae  is  very  small  ;  those  over  the  aorta 
and  pulmonary  artery  combine  to  form  one  projecting  bulge, 
depressed  in  the  centre,  which  bulge  sits,  as  it  were,  on  the 
top  of  the  great  globe  holding  within  it  the  heart.  This 
upper  bulge  is  immediately  behind  the  upper  half  of  the 
sternum,  and  extends  to  each  side  of  it,  fronting  and  flank- 
ing the  great  vessels  ;  it  displaces  the  inner  margins  of  the 
lungs,  and  separates  them  from  each  other.  The  lungs  spread 
away  from  each  other  in  diagram  L.  10,  from  within  an 
inch  of  the  top  of  the  sternum.  As  the  lungs  are  kept 
asunder  from  the  great  vessels  by  the  pericardial  bulge,  they 
lap  partially  round  that  bulge  and  lie  by  its  side ;  and  they 
take  its  direction.  The  form  of  the  separation  of  the  lungs 
from  each  other  behind  the  upper  part  of  the  sternum,  when 
induced  by,  is  quite  characteristic  of,  pericardial  effusion. 

In  the  subject  of  diagram  19  the  distension  of  the  sac 
lessened  the  volume  of  the  heart,  by  squeezing  out  the  con- 
tents of  the  cavities  and  raising  its  lower  bprder.  The  lungs 
were  pushed  much  apart  from  each  other  ;  the  central  tendon, 
instead  of  being  flat  or  slightly  convex  upwards,  was  pushed 
down,  and  formed  a  bulge  into  the  cavity  of  the  abdomen, 
which  displaced  the  liver  to  a  considerable  extent.  (See 
diagrams  12  and  19.)  The  same  displacements  are  induced 
in  the  living  by  pericardial  effusion. 
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Diagram  19.-ARTIFICIAL  DISTENSION  OF  THE  PERICARDIAL 
^  SAC  BY  FLUID. 

ALFRED  DUKE,  AGED  36.  PATIENT  OF  MR.  WHITE  ;  COMPOUND  FRACTURE 

OF  BOTH  Legs. 


1.  Right  lung  before  the  distension  of  the  pericardium  ;  i'.  Left  lung  before  the 
distension  of  the  pericardium  ;  \a.-\a.  Inner  margins  of  both  lungs  displaced 
the  distension  of  the  pericardium.    2.  Outlines  of  the  pericardium  before  artificial 

idbtension  ;  la.  Outlines  of  the  pericardium  after  artificial  distension  by  fluid  ;  lb. 

[  Anterior  margin  of  the  central  tendon  of  the  diaphragm,  where  it  is  adherent  to 
the  pericardium,  displaced  downwards  by  the  pericardial  distension;  2r,  Down- 

I  ward  bulge  of  the  central  tendon,  caused  by  the  pericardial  distension  ;  2'.  Lower 
boundary  of  the  heart  before  the  pericardium  was  distended  ;  2d.  Lower  boundary 
of  the  heart  raised  by  the  pericardial  distension.  4'.  Vena  cava.  7.  Liver ; 
•ja.  Lower  edge  of  the  liver  displaced  downwards  by  the  pericardial  distension. 
8.  Stomach.    (See  pp.  196,  198,  199.) 
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For  instances  of  pericardial  effusion  in  the  living  see 
diagrams  L.  9,  10,  and  11.  In  all  of  them  the  effusion  and 
the  region  of  pericardial  dulness  have  the  form  of  the  dis- 
tended pericardial  sac.  The  diminution  of  the  sac  from  day 
to  day,  until  it  results  in  the  perfect  restoration  of  the  heart, 
the  pericardial  sac,  and  the  displaced  organs  to  their  places 
are  shown  in  diagram  L.  9. 

Progressive  changes  of  Pericardial  dulness. — The  mode  in 
which  the  extent  of  pericardial  dulness  diminishes  is  an 
almost  certain  test  of  the  progress  of  the  disease. 

If  the  region  of  pericardial  dulness  lessens  from  day  to 
day,  (Diagram  L.  9,)  descending  gradually  from  the  upper 
part  of  the  sternum,  and  losing  the  peaked  form  ;  if  the  right 
boundary  steadily  approaches  to  the  centre  of  the  sternum  ; 
if  the  left  border  gradually  moves  to  the  right;  and,  more 
important  than  all,  if  the  lower  boundary  which  projects 
into  the  abdomen,  steadily  rises,  giving  place  to  stomach 
resonance,  then  we  may  feel  assured  that  the  case  is  advancing 
steadily  to  unembarrassed  health. 

If  the  upper  border,  after  it  has  gradually  descended  with 
a  peaked  form,  (Diagram  L.  10,)  becomes  stationary  above 
the  normal  upper  boundary  of  the  heart's  dulness ;  if  it 
loses  the  peaked  form  ;  if  the  upper  region  of  dulness  rises 
near  the  mamma ;  if  the  right  border  becomes  stationary ; 
if  the  left  border  advances  steadily  to  the  left  ;  and  if  the 
lower  border,  after  ascending  for  a  time,  is  arrested  in  its 
progress  before  it  returns  to  the  healthy  position,  then 
enlargement  of  the  heart,  due  to  valvular  disease,  has  almost 
certainly  ensued. 

If  the  upper  boundary,  after  descending  for  a  time,  (Diagram 
II,)  becomes  stationary,  loses  the  peaked  form,  and  then  again 
ascends  ;  if  the  left  border  steadily  increases  until  it  approaches 
the  left  side  of  the  chest ;  if  the  right  boundary,  after  returning 
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inwards,  retrogrades  ;  and  if  the  lower  boundary  does  not  re- 
sume or  approach  its  place,  then  enlargement  with  adhesions, 
and  valvular  disease,  will  have  taken  place. 

Protrusion  of  the  Sternum  and  Costal  Cartilages. — The  dis- 
tension by  fluid  of  the  pericardial  sac,  besides  displacing  the 
surrounding  organs,  pushes  forward  the  sternum  and  costal 
walls,  elevates  the^second  costal  cartilage,  and,  to  a  less  degree, 
the  third,  fourth,  dnd  fifth  ;  widens  the  spaces  between  the 
cartilages  and  ribs,  from  the  second  cartilage  to  the  seventh 
rib  ;  projects  outwards  the  sixth  rib,  and  causes  some  degree 
of  bulge  over  the  left  side,  and  some  protrusion  of  the  slope 
formed  by  the  lower  edges  of  the  costal  cartilages. 

If  the  fluid  diminishes,  and  the  heart  returns  to  its  natural 
size,  the  protrusion  of  the  sternum  and  ribs,  and  the  separation 
of  cartilage  from  cartilage,  gradually  diminishes,  and  all  the 
parts  return  to  their  healthy  position. 

If  the  heart  becomes  enlarged,  the  usual  heart  bulge  is  in- 
creased over  the  third,  fourth,  fifth,  sixth,  and  seventh  costal 
cartilages. 

If  the  heart  be  enlarged  with  adhesions,  the  lower  two-thirds 
of  the  sternum  continue  to  protrude ;  the  separation  of  the 
costal  cartilages  and  ribs  from  each  other  rather  increases ;  the 
sixth,  seventh,  and  eighth  ribs  project  more  to  the  left  side ; 
the  whole  of  the  lower  left  ribs  are  raised  and  thrown  out- 
wards ;  the  whole  of  the  left  side  projects ;  and  the  sixth, 
seventh,  and  eighth  conjoint  cartilages,  to  the  side  of  the 
xiphoid  cartilage,  are  much  raised. 

Impulse.— The  seat  and  nature  of  the  impulse  is  more  than 
a  right  hand  assistant  to  the  variations  in  the  extent  of  dulness 
in  ascertaining  the  advance  of  the  ailment. 

In  the  subject  of  the  diagram  19  the  heart  was  lessened,  and 
its  lower  border  was  pushed  up  by  the  artificial  distension  of 
the  surrounding  sac.    The  very  same  result  obtains  in  cases  of 
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Diagram  L.  9.— RHEUMATIC  PERICARDITIS. 
Sylvanus  Redgate,  16,  Tinman,  Patient  of  Dr.  J,  C.  Williams  ;  Peri- 
cardial Effusion  ;  Gradual  Diminution  and  Disappearance  of 
Fluid  ;  Return  to  Health. 


2-2.  Lower  margins  of  the  pleura  on  the  17th  of  November,  1842.  3.  Upper 
boundary  of  the  seat  of  pericardial  dulness,  from  effusion,  on  the  first  day  of  ob- 
servation. The  dulness  rises  very  high,  up  to  the  first  intercostal  space,  and  has 
the  characteristic  peaked  form  of  the  dulness  from  pericardial  effusion,  pp.  196,  198. 
4.  Lower  boundary  of  the  pericardial  effusion,  bulging  down  into  the  abdomen, 
and  displacing  the  liver  and  stomach,  p.  196 ;  33.  Dotted  line  :  Extent  of 
pericardial  dulness  on  the  19th  of  November.    /\d.  The  concentric  curves  indicate 
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pericardial  effusion  where  the  heart  is  not  enlarged;  the 
volume  of  the  heart  is  lessened  and  pushed  upwards  towards 
its  point  of  attachment,  the  ventricles  are  raised  and  seated 
behind  the  middle  third  of  the  sternum,  and  the  third  and 
fourth,  or  fifth  costal  cartilages. 

As  the  ventricles  are  raised,  the  seat  of  the  impulse,  caused 
by  their  contraction,  is  raised  also.  In  diagram  L.  9,  where 
the  effusion  was  very  extensive,  the  second  and  third  costal 
cartilages,  and  the  first  and  second  intercostal  spaces,  pro- 
truded during  the  impulse  of  the  ventricles,  while  the  third  in- 
tercostal space  and  the  fourth  costal  cartilage  fell  slightly  back, 
and  the  fourth  intercostal  space  receded  to  a  still  greater  ex- 
tent. These  movements  of  falling  back  below,  while  there  was 
advance  above,  were  visible  and  gave  the  effect  of  undulation  ; 

the  seat  of  impulse  on  the  20th  of  November,  when  the  pericardial  efFusion 
pushed  up  the  heart ;  and  the  impulse,  instead  of  being  behind  the  fourth  and 
fifth,  was  behind  the  first  and  second  intercostal  spaces  ;  the  third  and  fourth  inter- 
costal spaces  were  depressed  during  the  systole.  The  effect  of  undulation  was 
produced,  p.  201. 

November  17-20.  Over  the  upper  part  and  middle  of  the  sternum,  normal 
sounds  to  the  naked  ear,  and  through  the  stethoscope,  when  applied  lightly ;  but 
when  the  stethoscope  was  applied  with  pressure,  systolic  and  diastolic  smooth  fric- 
tion sounds  were  heard.  Over  and  to  the  left  of  the  apex,  a  smooth  systolic  bellows 
or  friction  sound  was  heard  through  the  closed  stethoscope,  p.  171.  An  impulsive 
silvery  noise  was  heard  through  the  open  stethoscope  on  light  pressure  ;  replaced, 
on  firm  pressure,  by  the  smooth  systolic  noise.  Below  the  fourth  rib,  i.e.  below 
the  heart,  the  sounds  were  normal  under  every  variation  of  pressure. 

3^,  Upper  boundary  of  pericardial  effusion  on  the  24th  of  November,  when  the 
extent  of  effusion  was  very  much  lessened  ;  the  characteristic  peaked  form  still 
existed,  i^b.  Lower  boundary  of  pericardial  dulness  on  the  24th  of  November. 
Impulse,  from  the  second  to  the  fifth  rib.  The  diastolic  and  systolic  smooth 
friction  sounds  were  lowered,  or  rendered  inaudible,  by  a  deep  inspiration.  3^.-4^. 
Upper  and  lower  boundaries  of  the  heart's  superficial  dulness  on  the  26th  of 
November,  when  the  pericardial  effusion  had  disappeared.  The  extent  of  the 
heart's  dulness  nearly  normal.  4<r.  Concentric  waved  curves  :  Seat  of  impulse  on 
the  26th  of  November  normally  low.  All  the  abnormal  sounds,  except  a  slight 
roughness  at  the  aorta,  replaced  by  normal  sounds.  Pleuritis  existed  during  the 
active  stages.  2a.  Lower  edge  of  the  left  lung  on  the  26th  of  November.  2b. 
Lower  edge  of  the  right  lung  on  the  26th  of  November.  $.  Liver. 
The  return  to  health  was  complete. 


202 


ON  CHANGES  IN  THE  SITUATION 


Diagram  L.  io.— RHEUMATIC  PERICARDITIS— ENDOCARDITIS. 

,OHN  Cummins,  aged  12,  Patient  of  Dr.  Hutchinson  ;  Pericardial 
Effusion,  terminating  in  Enlargement  of  the  Heart  and  Val- 
vular Disease. 


2.  Lower  margins  of  the  lungs  on  the  1 7th  of  November,  ^d.  Outlines  of  the 
pericardial  effusion  on  the  17th  of  November,  having  the  characteristic  peaked 
form,  p.  196,  41/.  Concentric  lines  indicate  the  seat  of  impulse  at  the  third  and 
fourth  intercostal  spaces  on  the  1 7th  of  November. 

{On  the  17th  of  November — considerable  projection  of  the  third,  fourth,  and 
fifth  ribs  ;  these  ribs  are  unusually  far  asunder.  Over  the  upper  part  of  the 
sternum  stethoscopic  pressure  replaces  the  previously  normal  sounds  by  diastolic 
and  systolic  smooth  friction  sounds.  Over  the  lower  part,  and  to  the  left  of  the 
sternum,  pressure  changes  the  silvery  first  normal  sound  to  a  musical,  almost 
leather-creaking,  systolic,  friction  sound,  indistinct  with  the  second  sound.  Over 
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while  the  upper  part  rose  during  systole  the  lower  part  fell  ; 
towards  the  diastole,  when  the  parts  resumed  their  places 
the  lower  parts  rose  while  the  upper  parts  fell.  In  the  subject 
of  diagram  L,  1 1  the  impulse  was  unusually  high,  being  seated 
between  the  third  and  fourth  intercostal  spaces  ;  but  the  lower 
spaces  and  ribs  did  not  fall  back,  the  effect  of  undulation  was 
not  produced. 

As  the  outlines  of  dulness,  due  to  effusion,  diminished  in 
the  above  cases,  the  seat  of  the  impulse  descended.  In  the 
subject  of  diagram  L.  9  the  fourth  intercostal  space  was  pro- 
truded during  the  impulse;  on  the  seventh  day  the  upper 
impulse  became  very  feeble,  the  undulation  disappeared 
gradually  as  the  effusion  diminished  and  the  heart  and  the 
seat  of  the  impulse  descended  and  resumed  their  natural 
places. 

In  the  subject  of  diagram  L.  10  mitral  regurgitation  from 

the  apex  and  to  its  left,  a  smooth,  systolic,  bellows  sound  is  heard  on  light,  but 
louder  on  firm  pressure.) 

3^.  E.xtent  of  pericardial  effusion,  or  of  the  heart's  superficial  dulness,  on  the 
20th  of  November,  when  the  extent  of  effusion  was  much  lessened.  The  firiction 
sounds  excited  by  pressure,  and  the  bellows  sound,  were  heard  lower  down  than  on 
the  17th.  3(-,  Extent  of  the  heart's  superficial  dulness  on  the  30th  of  November. 
The  space  of  dulness  had  much  increased  ;  the  characteristic  peaked  form  was 
wanting. 

(On  the  30th  of  November — the  impulse  is  very  extensive  ;  it  is  felt  over  the  two 
lower  thirds  of  the  sternum  and  the  xiphoid  cartilage,  from  the  third  to  the  seventh 
left  costal  cartilage,  and  in  the  fourth  and  fifth  intercostal  spaces.  Systolic  and 
diastolic  silk -rustling,  friction  sounds,  heard  loudest  on  pressure  over  the  right 
ventricle  ;  normal  sounds  heard  over  the  aorta  ;  loud  bellows,  systolic  noise,  heard 
below  and  to  the  left  of  the  apex  ;  and  faint  systolic,  bellows  noise,  heard  over  the 

sixth  dorsal  vertebra.) 

^d.  Extent  of  the  heart's  superficial  dulness  on  the. 22nd  of  January.  4c.  Con- 
centric waved  curves  indicate  the  seat  of  impulse  on  the  22nd  of  January  at  the 

fourth  and  fifth  intercostal  spaces.]    2a.  Low  er  margin  of  the  right  lung  on  the 

22nd  of  January. 

(On  the  22nd  of  January — no  friction  sounds  ;  over  the  great  vessels,  sounds 
normal  ;  over  and  all  round  the  apex,  systolic  bellows  noise,  which  is  also  heard 
over  the  dorsum.  The  patient  is  free  from  pain,  and  feels  well  when  he  does  not 
exert  himself.    Pleuritis  existed  during  the  active  stages  in  this  case.) 
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endocarditis  existed  in  the  very  first  stage ;  this  resulted  in  a 
gradual  enlargement  of  the  heart.  The  heart  and  seat  of 
impulse  gradually  descended,  they  soon  passed  their  natural 
seat,  and  took  up  a  new,  a  lower  and  more  extended  position  ; 
the  impulse  of  the  apex  being  more  to  the  left  and  rather 
lower  than  in  health,  and  the  impulse  of  the  right  ventricle 
being  felt,  gentle  in  character,  in  the  epigastric  space,  and 
over  the  sixth  and  seventh  costal  cartilages  near  the  sternum. 

In  the  patient  from  whom  diagram  L.  1 1  was  taken,  whose 
case  resulted  in  pericardial  adhesions,  the  impulse,  which,  in 
the  early  stage,  was  above  the  fifth  rib,  gradually  descended  ; 
the  impulse  of  the  apex  at  length  reached  the  seventh  rib 
quite  to  the  left  side  of  the  chest.  The  two  lower  thirds  of  the 
sternum  and  the  xiphoid  cartilage  were  pushed  forwards  at 
the  beginning,  and  drawn  suddenly  backwards  towards  the 
end  of  the  systole.  The  impulse,  in  fact,  was  felt  over  the 
whole  left  side.  This  poor  girl  died.  The  heart  was  enor- 
mously enlarged,  and  the  pericardial  surfaces  were  universally 
adherent.    (Diagram  23.) 

Frictio7i  sounds. — I  thrust  a  needle  into  the  heart  of  an  ass, 
and  withdrew  it  to  the  surface  so  as  to  scratch  the  pericardium 
during  the  heart's  to-and-fro  motions.  A  scratching  sound 
was  heard  during  the  interval.  On  withdrawing  the  needle  a 
little  blood  followed.  On  applying  the  stethoscope  lightly 
the  sounds  were  normal :  on  making  moderate  pressure,  a 
rough  planing  friction  sound  was  heard  during  the  systole, 
followed  by  a  normal  second  sound,  and  a  silent  interval  ;  very 
firm  pressure  drowned  the  friction  sound  in  a  loud  impulsive 
ringing  sound. 

The  roughening  of  the  surface  of  the  pericardium  in  peri- 
carditis varies  according  to  the  stage  and  intensity  of  the 
disease. 

In  the  comparatively  mild  form  of  pericarditis,  (seep.  192,) 
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the  chief  seat  of  the  products  of  the  disease  is  over  the  right 
auricle  and  great  vessels.  The  space  affected  is  shielded 
from  examination  by  the  interposed  lungs;  as  there  is  very 
little  effusion,  and  no  great  enlargement  of  the  heart,  the 
lungs  are  not  pushed  away  from  before  the  seat  of  the  in- 
flammation. If  any  friction  sounds  are  generated  the  lungs 
will  mask  them  completely. 

Inflammation  does  however  exist,  to  a  milder  degree,  over 
the  body  of  the  ventricles  ;  there  is  at  least  turgescence.  I 
have  never  examined  a  case  of  this  kind  during  life,  but  I  have 
no  doubt  that  a  faint,  smooth,  systolic  rubbing  sound  may  be 
heard. 

In  rheumatic  pericarditis,  and  in  all  the  severer  forms  of 
pericardial  inflammation,  the  inflammation  and  its  products 
always  give  rise  to  a  friction  sound.  It  is  but  seldom  that  we 
have  an  opportunity  of  ascertaining  the  cause  of  the  rubbing 
sound  in  any  individual  case  by  inspection  after  death  ;  we 
never  have  such  an  opportunity  in  the  earlier  stages  ;  but  we 
have  the  power  of  examining  the  living  subjects  of  the  disease 
from  the  first  onset  daily,  through  all  their  changes,  to  the 
final  result.  We  can  then  ascertain  the  progressive  changes 
in  the  character  and  seat  of  sounds,  and  we  know  the  usual 
progress  of  the  inflammation  and  its  results  by  a  chain  of 
post-mortem  examinations. 

In  the  early  stages  of  inflanmiation,  where  the  old  capil- 
laries are  enlarged,  become  spiral,  and  give  existence  to  new 
vessels,  and  bulge  up  and  roughen  the  pericardial  surface,  the 
ordinary  friction  of  surface  against  surface  is  not  sufficient  to 
give  birth  to  a  rubbing  sound.  By  pressing  gently  on  the 
costal  cartilage  or  sternum  with  the  end  of  the  stethoscope 
(I  employ  the  flexible  stethoscope,)  any  fluid  that  may  be  in- 
terposed between  the  surface  of  the  heart  and  the  costal  walls 
is  displaced.  The  opposed  surfaces  nov/  touch  ;  if  they  touched 
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Diagram  L.  ii.— RHEUMATIC  PERICARDITIS. 

Elizabeth  Hooper,  17,  Servant,  Patient  of  Dr,  Hutchinson;  Peri- 

CARDIAL  Effusion,  terminating  in  Pericardial  Adhesijns.  (See 
Diagram  23.) 


2.  Lower  edge  of  the  right  lung.  3a.  Outline  of  pericardial  effusion,  on  the 
22nd  of  September. 

On  the  22nd  of  September,  eighteen  days  after  the  first  access  of  the  disease,  and 
four  days  after  the  occurrence  of  a  second  attack,  the  outlines  of  the  effusion  have 
the  characteristic  peaked  form  behind  the  upper  part  of  the  sternum  ;  the  lower 
boundary  bulges  into  the  abdomen,  displacing  the  liver  and  stomach.    Over  the 
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before  they  are  now  pressed  closer  together  ;  and  where  the 
normal  sounds  were  heard  on  light  application  of  the  instru- 
ment, or  on  applying  the  ear,  a  rubbing  sound  is  now  heard, 
due  to  the  increased  and  now  noisy  friction  of  two  turgid 
surfaces. 

That  I  might  apply  this  pressure  with  less  uneasiness  to  the 
patient,  I  inserted  a  thin  plate  of  wood  (the  hea'd  of  a  chip 
pill-box)  into  the  mouth  of  the  stethoscope  :  this  diffused 

sternum,  on  applying  the  stethoscope  lightly,  normal  sounds  are  heard  ;  on  gentle 
pressure,  diastolic  and  systolic  smooth  friction  sounds  are  excited  ;  on  increasing 
the  pressure,  the  friction  sounds  over  the  upper  half  of  the  sternum  are  louder. 
The  diastolic  friction  sound  is  accompanied  by  the  normal  second  sound  ;  over  the 
lower  half  of  the  sternum  the  second  sound  is  inaudible  ;  over  the  apex,  through 
the  open  stethoscope,  rough  bellows,  systolic  noise,  accompanied  by  impulsive 
ringing,  almost  cantering  noises,  are  heard  ;  through  the  closed  stethoscope  the 
bellows  noise  is  loud  and  smooth,  and  dissected  of  the  ringing  noises,  which  are 
inaudible  ;  systolic  bellows  sound  is  heard  over  the  dorsum.  Impulse,  not  strong, 
from  the  second  to  the  sixth  rib. 

7,b.  Outlines  of  the  heart's  superficial  dulness  and  pericardial  effusion  on  the 
30th  of  September.  Friction  sounds  and  systolic  bellows  sounds  varied  but  little 
from  the  former  report.  Impulse  stronger.  3^.  Outlines  of  the  heart's  super- 
ficial dulness  lessened  in  extent  above,  but  unchanged  in  the  epigastrium,  on  the 
loth  of  October. 

The  friction  sounds  were  feeble,  but  evident  on  pressure,  on  the  4th  of  October. 
There  were  no  friction  sounds  on  the  5th  of  October.  Pericardial  adhesions  date 
themselves  from  that  day.  On  the  loth  of  October,  over  the  upper  two-thirds 
of  the  sternum,  normal  sounds  ;  pressure  excited  on  change.  Over  and  neigh- 
bouring the  apex,  through  the  open  stethoscope,  loud  cantering  sounds,  from  three 
or  four  impulsive  shocks,  and  rough,  sawing,  systolic  noise ;  through  the  closed 
stethoscope,  no  cantering  sound,  but  equal  bellows  or  sawing  noise.  Bellows  noise 
below  the  sternum  and  over  the  whole  dorsum  ;  no  second  sound  at  or  below  the 
apex,  but  present  at  the  upper  part  of  the  dorsum.  Impulse  strong,  heaving,  and 
falb  back  suddenly  towards  the  end  of  the  systole. 

2,d.  Extent  of  the  heart's  dulness  on  the  27th  of  October,  when  the  heart  was 
greatly  enlarged  and  adhesions  were  established.  On  the  27th  of  October  the 
stethoscopic  signs  do  not  materially  vary  since  the  last  report.  Extent  of  impulse 
is  increased.    The  impulse  became  gradually  more  extensive  and  stronger. 

On  the  2nd  of  December  the  two  lower  thirds  of  the  sternum,  the  cartilages  to 
each  side  of  the  sternum,  and  the  left  ribs,  from  the  second  to  the  seventh,''were 
heaved  up  gradually  and  strongly  during  systole,  and  fell  back  suddenly'at  its 
termination. 

The  patient  died  on  the  4th  of  December.  For  post-mortem  appearances  see 
Diagram  23, 
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the  pressure,  and  had  the  double  advantage  over  the  open 
stethoscope  of  giving  no  pain  to  the  patient  and  of  exciting 
pressure  and  increased  friction  over  a  greater  extent  of  surface. 
The  friction  sounds  were  conducted  as  well  through  the  stetho- 
scope with  a  plate  inserted  as  through  the  open  instrument.  We 
may  style  this  the  "  closed  "  to  distinguish  it  from  the  "  open  " 
stethoscope. 

In  several  cases  that  I  have  seen  in  the  very  first  stage,  the 
friction  sound  excited  by  pressure  was  very  gentle  and  smooth, 
resembling  a  soft,  smooth,  blast-bellows  noise,  or  rubbing  to- 
gether of  two  layers  of  fine  cotton.  In  one  case  increase  of 
pressure  changed  this  to  a  rustling  sound,  like  the  mutual 
rubbing  of  silk  surfaces;  these  sounds  disappeared  for  a  time 
after  the  application  of  leeches.  I  think  it  quite  fair  to  infer 
that  they  were  caused  by  the  turgid  state  of  the  old  capillaries, 
just  before  they  had  given  birth  to  projecting  groups  of  new 
capillaries. 

Varieties  of  Friction  Sound. — The  character  of  the  friction 
sound  varies  considerably,  even  in  the  early  stages.  In  some 
cases  it  was  like  a  smooth,  soft,  bellows  noise,  or  like  the  rub- 
bing together  of  the  opposed  surfaces  of  cotton,  or  of  linen, 
stuff,  or  silk ;  varying  pressure  often  modified  the  noise,  and 
out  of  one  of  these  sounds  produced  the  other,  very  often  the 
sound  closely  resembled  smooth,  sometimes  rough  planing ; 
sometimes  there  was  a  grating  sound.  In  other  cases  a  sound 
was  heard  very  like  that  excited  by  Scratching  a  deal  table 
with  a  pin  ;  in  one  case  a  plaintive  musical  sound  was  heard. 
AH  the  above  sounds  may  be  heard  during  the  middle  stages 
of  pericarditis.  The  leather-creaking  sound  I  have  only  heard  j 
in  the  later  stages.  In  one  case,  (Diagram  L.  lo,)  there  was 
during  the  later  stages,  a  peculiar  squeak,  that  was  faint  at 
first,  rose  gradually,  and  stopped  abruptly,  with  a  sudden  rise, 
as  if  cut  short ;  this  sound  gave  way  to  a  smooth  friction  sound. 


OF  THE  INTERNAL  ORGANS.  209 

In  more  than  one  case  the  friction  sound  was  closely  imitated 
by  rubbing  gently  on  the  skin  near  the  stethoscope. 

The  varieties  of  friction  sound,  undoubtedly,  answer  to  the 
difference  in  the  condition  of  the  -inflamed  surface  in  different 
cases. 

AH  the  above  sounds  may  be  distinguished  during  the  sys- 
tole ;  most  of  them  may  be  prolonged  during  the  time  of  the 
second  sound  and  the  interval.  All  the  above  sounds  may  be 
inaudible  by  applying  the  ear  or  the  stethoscope  lightly,  when 
they  are  loud  and  overwhelm  every  other  sound  on  firm  pres- 
sure being  made.  Very  often  a  smooth  friction  sound,  audible 
on  applying  the  ear  or  the  stethoscope  lightly,  becomes  rough 
and  harsh,  or  high  and  musical,  on  firm  pressure.  When  the 
sound  is  audible  on  light  pressure  it  is  always  increased  in 
loudness,  often  in  tone,  by  exciting  firm  pressure.  In  some 
cases,  however,  smooth  friction  sounds  have  been  excited  by 
pressing  with  the  closed  stethoscope,  when  the  open  stetho- 
scope did  not  modify  the  normal  sounds. 

I  have  never  heard  the  friction  sounds  modify  the  normal 
sounds  beyond  the  region  of  the  heart,  beyond  the  immediate 
source  of  sound. 

The  friction  sound  excited  over  the  apex  can  often  be  heard 
without  pressure,  when  that  excited  over  the  right  ventricle  or 
elsewhere  cannot.  It  is  usually  smooth,  like  planing,  or  silk 
rustling,  or  a  bellows-noise;  it  is  generally  only  systolic; 
sometimes  it  is  prolonged  during  the  time  of  the  second  sound, 
which  sound  it  then  overwhelms.  In  some  cases  it  is  conti- 
nuous, though  very  feeble  during  the  interval.  The  friction 
sounds  at  the  apex  are  always  increased,  often  prolonged,  and 
still  oftener  brought  into  play  by  pressure. 

Impulse  Sounds.— Through,  the  open  stethoscope  loud  ring- 
ing systolic  impulsive  sounds  either  accompany  or  drown 
the  friction  sounds.    Sometimes  these  are  followed  by  a 
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diastolic  ringing  sound,  louder  than,  though  synchronous  with 
the  second  sound  ;  it  coincides  with  a  sudden  perceptible  with- 
drawal of  the  apex  from  the  walls,  and  I  think  it  is  due  to 
that  sudden  withdrawal  taking  place.  These  impulsive  sounds 
are  not  present  on  the  gentle  application  of  the  stethoscope; 
they  are  brought  out  by  light  pressure,  and  are  replaced  by 
friction  sounds  on  firm  pressure.  In  all  cases  the  closed 
stethoscope  quite  muffles  the  impulsive  noises,  and  permits 
any  other  existing  sound,  whether  normal,  friction,  or  regur- 
gitation, to  be  heard,  dissected  as  it  were,  free  of  the  impulse 
noises.    The  plate  has  the  same  action  as  the  interposed  lung. 

Mitral  Regurgitation. — If  the  systolic  sound  at  the  apex  be 
heard  on  very  light  application,  or  be  not  increased  by  pres- 
sure, or  be  discerned  readily  by  the  naked  ear,  it  is  usually 
due  to  mitral  regurgitation  ;  if  it  can  be  heard,  over  some 
inches,  below,  or  to  the  left  of  the  apex,  or  can  be  distinguished 
over  the  dorsum,  then  the  noise  over  the  apex  is  invariably 
due  to  mitral  regurgitation. 

The  sounds  over  the  extreme  left  edge  of  the  heart,  for 
about  an  inch  above  the  apex,  are  due  to  the  friction  from  the 
left  ventricle,  and  have  the  same  action  with  the  sounds  at 
the  apex. 

Sounds  over  the  Right  Ventricle. — On  applying  the  open 
stethoscope  lightly  over  the  right  ventricle,  the  normal,  im- 
pulsive, and  rumbling  first  sound,  and  the  ringing  or  clacking 
second  sound,  are  heard.  On  light  pressure  the  impulsive 
sounds  are  sometimes  increased  ;  but  generally  a  to-and-fro 
friction  sound  is  heard  during  systole  as  during  diastole,  of 
the  same  character,  though  somewhat  louder.  In  most  cases 
there  is  a  shbrt,  sharp,  impulsive  sound  at  the  commencement 
of  the  systolic  friction,  and  this  often  ends  with  the  sharp 
second  sound.  Increase  of  pressure,  or  the  use  of  the  closed 
stethoscope,  will  usually  render  the  friction  sounds  louder, 
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and  obliterate  the  impulsive  and  second  sounds.  The  sounds 
over  the  right  ventricle  have  every  variety  of  character  ;  they 
are  often  roughest  and  loudest  about  the  middle  of  the  ster- 
num. The  musical,  leather-creaking,  and  squeaking  sounds 
that  I  have  heard,  have  always  been  seated  over  the  right 
ventricle.  The  gliding  motions  of  the  right  ventricle  are  the 
most  extensive,  and  the  surface  of  the  pericardium  is  usually 
the  roughest,  behind  the  sternum  j  and  I  have  usually  heard 
the  sounds  loudest  over  the  sternum. 

Friction  sounds  over  the  Right  Auricle  and  great  Vessels. — 
The  sounds  over  the  auricular  appendix  of  the  right  auricle 
and  the  great  vessels  are  often  to-and-fro,  accompanying  both 
systole  and  diastole ;  often  rougher  during  systole,  but  louder 
and  stronger  during  diastole.  In  two  cases  there  was  only  a 
diastolic  sound ;  in  one  of  these  the  noise  resembled  the 
scratching  of  a  pin.  I  have  heard  this  pin-scratching  sound  in 
three  different  cases,  during  the  diastole  over  the  left  side  of 
the  right  auricle  and  the  great  vessels.  If  a  valvular  sound  or 
venous  murmur  exist  over  the  great  vessels,  it  can  be  easily 
detected  by  tracing  back  the  sounds  to  the  vessels  in  the  neck. 

Friction  Sounds  are  raised  by  the  effusion  of  Fhiid.—^When 
great  pericardial  distension  exists,  the  whole  heart  being  raised 
and  its  bulk  lessened,  each  of  its  parts  is  of  course  raised  like- 
wise ;  the  apex  coinciding  with,  or  being  a  little  below  the  left 
point  of  the  impulse.  In  such  cases  the  friction  sounds  over 
the  respective  parts  are  heard  a  step  higher ;  the  friction 
sound  is  not  excited  over  the  lower  part  of  the  sternum>  or 
below  the  fifth  rib.  When  the  fluid  diminishes  the  heart 
descends,  and  the  impulse  and  the  seat  of  the  friction  sounds 
are  lowered.  The  friction  sounds  are,  during  this  stage  of 
lowering,  frequently  heard  without  pressure. 

Inspiration  lowers  the  friction  sound. — Inspiration  usually 
draws  down  the  heart  and  lowers  and  narrows  the  seat  of 
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friction  sounds ;  sometimes  it  altogether  obliterates  those 
sounds.  In  one  case  where  the  pin-scratching  sound  was 
very  extensively  heard,  the  sound  was  increased  during  an 
inspiration,  and  was  often  obliterated  during  an  expiration. 

The  progress  of  the  friction  sounds  combines  with  the  on- 
ward variations  of  the  extent  of  the  pericardial  dulness,  of  the 
nature  of  the  pericardial  bulge,  and  of  the  seat  and  nature  of 
the  impulse,  to  stamp  the  character  of  the  progressive  changes. 

Progress  of  friction  sounds. — If  the  attack  of  pericarditis 
terminate  in  perfect  recovery,  as  in  diagram  L.  9,  the  sounds, 
at  first  high,  gradually  descend  as  the  effusion  diminishes. 
The  sounds  become  very  gradually  feebler ;  if  a  bellows  sound 
exists  to  the  left  of  and  below  the  apex,  it  gradually  fades 
away  a  short  time  after  the  region  of  the  heart's  dulness  has 
assumed  its  normal  form. 

If  permanent  valvular  disease  with  enlargement  of  the 
heart  supervene,  then  the  friction  sounds  descend  lower  and 
lower,  and  are  at  length  seated  in  the  epigastrium  under  the 
sixth  and  seventh  ribs,  and  sometimes  to  the  right  of  the 
sternum.  The  bellows  sound  at  the  apex  becomes  gradually 
more  extensive,  and  at  length  is  heard  over  the  dorsum,  all 
round  the  apex,  and  over  the  lower  part  of  the  right  ventricle. 
The  friction  sounds  go  away  very  gradually. 

If  the  result  be  pericardial  adhesion,  the  adhesion  usually 
first  takes  place  at  the  apex.  In  the  neighbourhood  of  the 
apex,  the  friction  sound  generally  disappears  ;  the  ear,  either 
unaided,  or  through  the  open  stethoscope,  can  distinguish 
a  loud  double  systolic  ring,  caused  by  two  or  three  im- 
pulsive shocks,  ending  with  a  diastolic  noise.  These  noises 
produce  a  silvery,  sometimes  a  cantering  effect,  and  over- 
whelm every  other  sound.  The  application  of  the  "  closed  " 
stethoscope  immediately  silences  the  cantering  noise,  and 
permits  the  valvular  murmur  to  be  heard.     The  friction 
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sounds  continue  to  be  heard,  for  a  time,  over  the  body  of 
the  heart,  though  much  feebler ;  the  rubbing,  gh'ding  motion 
of  the  heart  being  lessened  after  the  adhesion  of  the  apex. 
The  progress  of  the  adhesions  is  usually  from  below  upwards  ; 
when  the  right  ventricle  becomes  adherent,  the  friction  sounds 
over  that  ventricle  suddenly  cease ;  no  modification  of  pres- 
sure can  excite  them.  At  the  same  time  the  friction  noises 
from  the  great  vessels  usually  suddenly  disappear  also ;  but 
now  and  then  a  case  occurs  in  which  the  auricular  or  arterial 
friction  sound  continues,  after  those  over  the  right  ventricle 
come  to  an  end.  The  ringing,  systolic,  and  diastolic  impul- 
sive sounds,  are  heard  over  the  right  ventricle ;  these  can 
always  be  muffled  by  the  closed  stethoscope.  If  the  mitral 
valve  be  affected,  the  valvular  murmur  may  be  heard  through 
the  closed  stethoscope  over  the  lower  part  of  the  sternum. 

Pleuritis  accompanies  Pericarditis. — Pleuritis  accompanies 
every  case  of  pericarditis  of  any  severity ;  it  usually  affects 
the  left  lung,  first  attacking  it  in  the  neighbourhood  of  the 
pericardium,  either  behind  the  second,  third,  or  fourth  costal 
cartilages,  or  over  or  near  the  apex  ;  the  pleuritis  generally 
extends  round  to  the  dorsum.  The  pleuritic  friction  sounds 
excited  near  the  apex  and  over  the  dorsum  are  easily  distin- 
guished from  the  heart's  friction  sounds.  The  dulness  on 
percussion  that  often  exists  in  pleuritis,  prevents  the  pericar- 
dial effusion  from  being  accurately  mapped  out.  Very  often 
pleuritis  prevents  the  inspiratory  motion  of  the  chest. 


ENLARGEMENT  OF  THE  HEART  WITHOUT  PERICARDIAL 

ADHESION. 

When  the'  heart  is  enlarged,  its  surface  being  free  from 
attachments,  the  lungs  on  each  side,  the  diaphragm  below, 
and  the  co.stal  cartilages  and  ribs  in  front,  are  displaced. 
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The  whole  volume  of  the  heart  descends,  pushing  before  it, 
or  being  drawn  down  by,  the  central  tendon  of  the  diaphragm. 
They  are  not  only  the  ventricles  and  auricles  that  are  dis- 
placed, but  all  the  great  vessels  springing  from  or  merging  in 
those  cavities  are  drawn  down  by  them  in  their  descent. 
Every  valvular  orifice,  wiiether  guarding  the  cavities  or  the 
great  vessels,  takes  up  a  lower  than  normal  position.  (Dia- 
grams 20  and  21.) 

If  both  ventricles  be  alike  enlarged  they  retain  their  usual 
relative  position  to  each  other  ;  jf  the  left  ventricle  only  be 
enlarged,  then  the  body  of  that  ventricle  to  the  left  of  the 
septum  is  very  much  increased.  (Diagram  20.)  If  the  right 
ventricle  be  disproportionably  enlarged,  then  the  ventricular 
septum  is  seated  close  to  the  left  side  of  the  heart.  (Diagrams 
14  and  15.) 

Valves. — The  precise  bearings  of  the  valves  cannot  be 
stated ;  they  usually  retain  their  positions  relatively  to  each 
other,  but  they  vary  in  situation  according  to  the  extent  of 
the  displacement.  The  important  feature,  in  cases  of  en- 
larged heart  free  from  adhesions,  is,  that  the  situation  of  the 
valves  is  lowered.  In  diagram  20,  the  mitral,  tricuspid,  and 
semilunar  valves  which  are  exposed  are  all  lowered.  In 
diagrams  14,  15,  and  21,  the  lowering  of  tlie  great  vessels  is 
very  notable  ;  and  the  position  of  the  valves,  their  mutual 
bearing  being  known,  may  be  readily  inferred. 

If  the  left  ventricle  be  greatly  enlarged,  the  mitral  valve  is 
situated  unusually  to  the  left,  the  attachments  of  its  base 
are  scarcely  altered,  but  the  fleshy  columns  and  the  ten- 
dinous webs  and  chords  are  stretched  by  the  apex  unusually 
to  the  left. 

Lateral  displacement,  descent,  attd  dilatation  of  the  Lungs. — 
Enlargement  of  the  heart  displaces  the  lung.  In  diseases  of 
the  heart  an  unusual  quantity  of  lung  is  generally  required ; 
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Diagram  20  -ENLARGEMENT  OF  THE  HEART,  ESPECIALLY  OF 

THE  LEFT  VENTRICLE. 

lOHN   ILLSTON,  AGED    70.    PATIENT   OF    Dr.  HUTCHINSON;    MlTRAL  AND 

Aortic  Regurgitation. 


I.  Right  lung;  i'.  Left  lung;  the  summits  of  the  lungs  were  not  accurately 
ascertained.  2.  The  lower  boundary  of  the  pericardial  sac  ;  the  left  extremity  is 
guessed  at,  2a.  Right  ventricle  ;  2i>.  Left  ventricle  ;  2c. -c.  Mitral  valve. — 
2t/.-2<i.  Tricuspid  valve.  3.  Right  auricle.  4.  Vena  cava.  5.  Aorta;  5.  Aortic 
valves.    6.  Pulmonary  artery.    7.  Liver.    8.  Stomach.    9.  Spleen,  which  was 
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the  lung  is  consequently  enlarged,  and  in  very  many  cases 
becomes  emphysematous ;  the  diaphragm  is  of  necessity 
abnormally  low  at  the  central  tendon,  and  its  lateral  bulges 
always  take  up  a  correspondingly  low  position.  The  descent 
of  the  diaphragm  necessarily  draws  down  the  lungs  to  an 
extent  that  more  than  makes  up  for  their  lateral  displacement 
by  the  heart,  and  pushes  down  the  liver  on  the  right,  and  the 
stomach  and  spleen  on  the  left  side. 

The  inner  margins  of  both  lungs,  on  each  side  of  the  lower 
half  of  the  sternum,  are  displaced.  If  the  right  cavities  are 
very  greatly  enlarged,  the  displacement  to  the  right  of  the 
right  inner  margin  is  considerable.  If  the  left  ventricle  be 
the  chief  seat  of  enlargement,  then  the  inner  border  of 
the  left  lung  around  the  heart  is  greatly  displaced  to 
the  left. 

The  point  behind  the  sternum,  at  which  the  inner  margins 
of  the  lungs  separate  from  each  other,  is  not  usually  pushed 
up  ;  sometimes,  in  consequence  of  the  general  emphysema- 
tous inspiratory  expansion  of  the  lungs,  it  is  even  lowered. 
(Diagram  14.) 

Hearfs  dulness  and  impulse.' — The  space  of  the  heart's 
dulness  is  increased ;  this  increase  varies  much.  The  extent 
of  the  heart's  superficial  dulness  is  by  no  means  a  measure  of 
the  extent  of  the  heart's  enlargement,  as  the  lungs  often 
overlap  the  heart  to  an  unusual  extent,  owing  to  their 
emphysematous  condition. 

The  lower  edge  of  the  space  of  the  heart's  dulness  is 

enlarged,  (For  general  observatiotts  respecting  this  case  see  pp.214,  216,  For 
the  appearances  and  symptoms  during  life,  see  Diagram  L.  12,  which  was  taken 
from  John  Illston.) 

Weight  of  Or^a«5.— Right  lung,  27  ounces ;  left  lung,  20  ditto ;  the  lungs 
were  emphysematous,  p.  216.  Heart,  25  ounces;  liver,  67  ditto;  it  contained 
many  malignant  growths.  Spleen,  13J  ounces';  pancreas,  13^  ditto ;  kidneys, 
each,  74  ditto. 
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Diagram  21. -ENLARGEMENT  OF  THE  HEART. 

HANNAH  BROOKS,  AGED  56,  A  BAWD  ;  MiTRAL  REGURGITATION. 


I .  Right  lung ;  i'.  Left  lung.  2.  Lower  boundary  of  the  pericardial  sac— 
2a.  Ventricles.  3.  Right  auricle.  4.  Vena  cava.  5.  Aorta,  6.  Pulmonary 
artery.    7.  Liver.    8.  Stomach.    9.  Spleen.    lO-lo.  Kidneys. 

Weight  of  Organs. — Right  lung,  19^  ounces;  left  lung,  12J  ditto;  heart, 
12  ditto  ;  liver,  38  ditto  ;  spleen,  3  ditto ;  pancreas,  3  ditto ;  stomach,  2  ditto  ; 
kidneys,  each,  4J  ditto.    Body  spare  ;  about  6  stone. 
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Diagram  L.  12.— ENLARGEMENT  OF  THE  HEART,  ESPECIALLY 
OF  THE  LEFT  VENTRICLE. 

John  Illston,  aged  70,  Patient  ok  Dr.  Hutchinson  ;  Mitral  and 
Aortic  Regurgitation.    (See  Diagram  20.) 


Comparison  with  Health. — Left  fourth,  fifth,  sixth,  and  seventh  costal  caiti- 
lages,  and  the  fourth,  fifth,  and  sixth  ribs,  project ;  also  the  left  side  of  the  lower 
half  of  the  sternum,  see  the  shading.  The  impulse  at  the  apex  is  stronger,  more 
extensive,  and  lower  down  than  in  health.  By  the  impulse  of  the  right  ventricle 
the  lower  half  of  the  sternum,  and  the  adjoining  costal  cartilages,  are  heaved  up 
slowly,'pp.  221,  222. 

l.-i'.  The  apices  of  the  lungs.  2.-2'.  The  lower  margins  of  the  lungs,  unusually 
low,  especially  the  left ;  the  lungs  emphysematous,  see  p.  216.  2a.  Descent  of 
the  lower  margins  of  the  lungs  on  a  deep  inspiration,  considerable,  p.  216. — 
3.  Region  of  the  heart's  superficial  dulness  greatly  increased  to  the  right  as  well  as 
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invariably  lowered,  and  the  extent  of  this  lowering  is 
generally  a  good  measure  of  the  extent  of  the  heart's 
increase.  But  this  test  is  often  fallacious;  in  females,  the 
lower  part  of  whose  chest  has  been  crushed  in  by  tight  lacing, 
the  lower  edges  of  the  opposed  sixth,  seventh,  eighth,  and 
ninth  costal  cartilage^,  approach  close  to  each  other;  the 
heart  has  not  space  to  expand  laterally,  and  its  descent 
appears,  consequently,  to  be  greater,  relatively  to  the  sternum 
and  xiphoid  cartilage,  than  in  full-chested  males.  Compare 
the  full-chested  males  in  diagrams  20  and  L.  12  with  the 
pinched-in,  narrow-waisted  females  in  diagrams  21  and 
L.  13. 

In  emphysema  the  lungs  do  not  descend  so  far  in  the  stay- 
laced  as  in  the  full-chested,  the  descent  of  the  diaphragm 
being  interfered  with ;  but  in  heart  disease  the  enlarged 
viscus  will  make  way  for  itself  forcibly,  and  push  down  the 
abdominal  viscera,  as  it  has  no  allowed  lateral  expansion. 

The  actual  lateral  dimensions  of  the  heart  may  be  arrived 
at  with  tolerable  accuracy  by  means  of  deep  percussion  over 
the  lungs  to  each  side  of  the  sternum.  The  seat  of  the  apex 
is  readily  ascertained  by  its  thrusting  impulse. 

to  the  left  of  the  sternun? ;  ^so  to  a  very  great  extent  downwards,  so  as  to  encroach 
on  and  displace  the  liver  and  stomach.  3a.  Region  of  the  heart's  superficial 
dulness  not  increased  upwards,  behind  the  upper  half  of  the  sternum ;  narrowed 
and  lowered  considf;rably  by  a  deep  inspiration.  5.  Liver.  6.  Stomach,  both  of 
which  are  unusually  low,  owing  to  the  enlargement  of  the  heart  and  emphysematous 
enlargement  of  the  lungs,  displacing  those  organs,  ^a.  Liver  lowered  by  a  deep 
inspiration. 

Physical  Signs. — Pulse  rises,  and  falls  back  suddenly — tortuous,  creeping,  and 
visible  to  the  eye.  Systolic  and  diastolic  bellows-noises  over  the  upper  part  of  the 
sternum,  and  above  the  sternum,  unaccompanied  by  normal,  sharp,  second  sound, 
excepting  near  the  second  costal  cartilages ;  there  the  second  sound  of  the  pul- 
monic valves  is  audible.  Near  the  apex,  systolic,  rasping  noise,  beginning  with  a 
sharp  sound  ;  diastolic,  rasping,  or  bellows  sound.  Bellows  noise  heard  along  the 
whole  left  side  of  the  spine  ;  loudest  below  the  scapula.  Impulse  at  the  apex,  and 
over  the  left  costal  cartilages,  extending  over  the  whole  region  of  dulness,  strong  ; 
also,  feebler  over  the  lower  part  of  the  sternum. 
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Diagram  L.  13.— ENLARGEMENT  OF  THE  HEART. 
Mary  Tomlinson,  aged  27 ;  Mitral  and  Aortic  Regurgitation. 


2.-2. — Lower  margins  of  the  lungs  ;  that  of  the  left  lung  remarkably  low. — 
7.a,  Lower  margins  of  the  lungs  lowered  by  a  deep  inspiration.  3.  Outlines  of 
the  heart's  superficial  dulness,  wider  to  the  right  and  left  of  the  sternum,  and 
much  lower  than  in  the  healthy  state. — 3(z.  Heart's  superficial  dulness  lowered  and 
narrowed  by  a  deep  inspiration.  4^.  Concentric  curves  :  seat  of  impulse  in  the 
tranquil  state  strongest  over  apex ;  felt  from  the  second  cartilage  to  the  seventh 
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The  extent  and  force  of  the  impulse  varies  with  the  nature, 
extent,  and  seat  of  the  heart's  enlargement.  If  the  left 
ventricle  be  enlarged,  both  walls  and  cavities  being  increased 
in  due  relative  proportion,  then  the  impulse  at  the  apex  and 
over  the  left  ribs,  close  to  their  cartilaginous  junction,  is 
greatly  increased  both  in  force  and  extent.  The  impulse  at 
the  apex  protrudes  strongly  and  steadily. 

If  the  right  ventricle  be  enlarged,  and  its  walls  thickened, 
the  lower  half  of  the  sternum,  the  xiphoid  cartilage,  and  the 
left  costal  cartilages,  from  the  third  or  fourth  to  the  seventh, 
are  heaved  gently  and  steadily  forwards,  not  by  a  pointed 
impulse,  but  by  a  diffused  steady  advance;  the  protruded 
walls  usually  fall  back  quickly  towards  the  end  of  the 
systole. 

The  space  of  the  heart's  dulness  is  lowered  and  narrowed 
by  a  deep  inspiration,  to  an  extent  quite  as  great  as 
is  permitted  in  the  healthy  state.    (Diagrams  E.  12  and  13.) 

The  seat  of  impulse  is  in  like  manner  brought  down  ; 
(Diagram  E.  13;)  the  apex  is  often  buried  by  the  advancing 


rib ;  over  the  second  intercostal  space,  a  flapping,  sharp,  second  impulse  coincided 
with  the  diastole  ;  no  sternal  impulse.  4^.  Concentric  interrupted  curves  :  seat  of 
impulse  on  deep  inspiration  j  the  impulse  of  apex  feebler,  felt  more  to  the  right ; 
the  sternum  and  xiphoid  cartilage  slightly  raised  during  systole.  There  was  con- 
siderable projection  of  the  left  costal  cartilages  between  the  sternum  and  nipple, 
over  the  heart's  region. 

Physical  Signs. — Pulse,  jerking,  visible.  Systolic  and  diastolic  bellows  noiseS 
over  the  upper  part  of  the  sternum,  to  the  left  of  it  under  the  left  clavicle ;  no 
normal  sharp  second  sound,  except  below  the  right  clavicle.  Over  the  lower  part 
of  the  sternum  and  near  the  apex,  through  the  open  stethoscope,  impulsive  sound 
and  rough  bellows  systolic  noise  ;  diastolic  bellows  noise  indistinct.  Through  the 
closed  stethoscope,  no  impulsive  sounds  ;  clear,  almost  musical,  systolic  and  diastolic 
bellows  noises.  To  the  left  of  and  below  the  apex,  and  between  it  and  the  spleen, 
the  bellows  noises  are  heard  without  impulsive  sounds.  Over  the  whole  extent  of 
the  heart's  dulness  the  systole  commenced  with  a  sharp  impulsive  shock ;  this  was 
not  heard  beyond  the  region  of  dulness.  All  the  heart's  sounds  were  lowered  on 
a  deep  inspiration,  and  when  the  patient  was  erect.  Bellows  noises  heard  over 
the  whole  dorsum. 
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lung,  which  now  shields  the  walls  of  the  chest  from  receiving 
its  impulse. 

The  heart  does  not  advance  to  the  same  extent  with  the 
lungs  in  the  wake  of  the  forward  movement  of  the  sternum 
and  costal  cartilages;  the  impulse  behind  those  walls  is 
diminished  in  force  and  extent  as  well  as  lowered.  The 
xiphoid  cartilage  is  not  protruded  so  much  during  a  deep 
inspiration  as  the  sternum  ;  the  heart  advances  as  it  is 
lowered,  and  the  impulse  at  and  below  the  xiphoid  cartilage 
over  the  sixth  and  seventh  costal  cartilages,  and  in  the 
epigastrium  is  lowered  and  increased  in  strength. 

Protrusion  and  separation  of  tJie  Left  Costal  Cartilages. — 
The  left  costal  cartilages  and  the  ribs  protrude  to  a  greater 
extent  than  usual;  (Diagram  L.  13;)  they  are  separated 
farther  from  each  other  than  those  on  the  right  side,  the 
upper  costal  cartilages,  being  higher,  and  the  inferior  ribs, 
lower,  than  they  commonly  are. 

If  the  right  ventricle  be  greatly  enlarged,  the  lower  half  of 
the  sternum  partakes  of  the  protrusion. 

If  the  left  ventricle  be  the  principal  seat  of  enlargement, 
then  the  ribs  are  principally  protruded  towards  the  left 
margin  of  the  heart. 

Impulsive  I'inging  noises. — If  the  left  ventricle  only  be 
enlarged  and  hypertrophied,  then  the  impulse  noises  are  often 
stronger,  and  more  ringing  than  usual  over  the  apex  and  the 
left  boundary  of  the  heart;  sometimes  there  is  a  loud  diastolic 
ring,  due  apparently  to  the  sudden  withdra\VaI  of  the  apex 
from  the  costal  walls.  If  the  right  ventricle  be  hypertrophied, 
the  ringing  impulsive  noises,  systoHc  and  diastolic,  are  often 
heard  over  the  sternum  and  costal  cartilages. 

Impulsive  noises  dissected  by  the  closed  Stethoscope. — These 
ringing  impulsive  noises  often  obliterate  the  valvular  sounds 
when  the  ear  or  the  open  stethoscope  is  applied.    The  closed 
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stethoscope  dissects  the  heart's  sounds  of  these  systolic 
noises,  and  leaves  the  valvular  sounds  smooth,  pure,  and 
unclouded  by  the  abrupt  shocks.  Sometimes  the  very  light 
application  of  the  open  stethoscope  allows  the  unmodified 
valvular  murmur  to  be  heard,  when  a  little  pressure  will 
replace  it  by  the  impulsive  noises. 

Mitral  Regurgitation. — If  regurgitation  through  the  mitral 
valves  generates  the  valvular  murmur,  then  it  is  usually  heard 
to  the  left  of  the  sixth,  seventh,  and  eighth  dorsal  vertebrae. 
If  the  aortic  valves  are  normal,  then  the  second  sound  often 
follows  the  mitral  murmur ;  the  valvular  murmur  becomes 
fainter  over  the  higher  dorsal  vertebrae,  and  above  the  second 
or  third  is  replaced  by  normal  sounds. 

Aortic  narroiving  and  Regurgitation. — If  aortic  narrowing 
and  regurgitation  give  birth  to  the  valvular  murmurs,  the 
systolic  noise  is  heard  over  the  upper  dorsal  vertebrae,  fol- 
lowed by  a  diastolic  valvular  murmur  instead  of  the  normal 
second  sound.  If  the  mitral  valve  be  not  affected,  the 
aortic  murmur  becomes  fainter  over  the  lower  dorsal 
vertebrae. 

PERICARDIAL  ADHESIONS. 

The  mode  in  which  pericardial  adhesions  are  formed  has 
been  already  noticed.  (Pages  190-196.)  The  adhesions 
vary  greatly  in  firmness  of  tissue  and  in  length  of  fibre  ; 
when  they  are  partial  they  are  usually  longer  than  when  they 
are  universal.  The  apex  is  usually  the  seat  of  the  partial 
adhesions ;  very  often  adhesions  at  the  apex  become  stretched 
and  attenuated,  and  at  length  give  way. 

Very  often  several  pendulous,  filamentous,  tendinous  bands 
hang  from  the  apex  of  hearts  that  have  no  internal 
disease,  but  which  display  the  white  tendinous  patches  on 
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Diagram  22.-PATCH  OF  PERICARDIAL  ADHESIONS  NEAR  THE 

APEX, 

Sarah  Lacey,  aged  20;  Rheumatic  Pericarditis,  with  Partial 
Pericardial  Adhesions. 


I.  Right  lung;  i'.  Left  lung.  2.  Ventricles;  2'.  Patch  of  pericardial  adhe- 
sions ;  the  attached  adhered  to  the  free  pericardium,  and  the  pleura  lining  the 
pericardium  adhered  to  the  costal  pleura.  3.  Right  auricle.  4.  Vena  cava. 
5.  Aorta.    6.  Pulmonary  artery.    7.  Liver.    8.  Stomach. 

In  this  patient  the  impulse  was  rather  strong  in  the  neighbourhood  of  the  apex, 
and  was  perceptible  from  the  second  to  the  sixth  ribs.  The  sternum  was  gently 
and  slightly  heaved  during  systole. 

There  were  faint  smooth  systolic,  and  fainter  diastolic,  friction  sounds  heard, 
on  firm  pressure,  over  the  third  costal  cartilages  ;  the  sounds  were  normal  on  a 
light  application  of  the  stethoscope. 
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their  surface.  The  adhesions  are  usually  formed,  apparently, 
by  clustered  myriads  of  new  tendinous  fibres. 

Universal  adhesions.— adhesions  usually  allow  con- 
siderable motion  to  the  heart;  the  length  of  the  fibres  over 
each  part  of  the  heart  varies  with  the  extent  and  strength  of 
the  usual  to-and-fro  movements  of  that  part.  Those  over 
and  near  the  apex  are  generally  the  longest;  those  at  the 
base  of  the  left  ventricle  are  shorter  than  those  towards  the 
apex.  The  adhesions  over  the  right  are  not  so  long  as  those 
over  the  left  ventricle;  they  are  longer  near  the  auricular 
junction  than  over  the  body.  Those  over  the  right  auricle 
are  much  shorter  than  those  over  the  right  ventricle;  the 
auricular  appendix  is  usually  contracted  by  the  fibrous 
adhesions. 

The  adhesions  of  the  left  auricle,  the  pulmonary  artery, 
and  the  aorta,  are  generally  much  closer  than  those  of  the 
right  auricle. 

In  a  case  of  very  recent  universal  adhesions  the  connecting 
material  was  of  a  glutinous  consistence.  In  some  specimens 
of  recent  pericarditis,  where  adhesions  were  being  formed, 
the  new  membrane  was  villous  and  velvety. 

Adhesions  zvith  valvular  disease. — If  the  pericardial  ad- 
hesions are  accompanied  by  valvular  disease,  the  heart 
becomes  necessarily  enlarged.  The  largest  heart  that  I  have 
seen  weighed  two  pounds,  and  was  taken  from  the  subject  of 
diagram  24,  in  whom  there  was  mitral  aortic  and  tricuspid 
narrowing  and  regurgitation. 

Adhesions  zvitJioitt  valvular  disease. — I  have  seen  four 
loosely-adherent  hearts,  of  normal  size,  that  were  free  from 
valvular  disease;  the  persons  from  whom  they  were  taken 
evinced  no  signs  of  heart  disease,  performed  all  the  duties  of 
active  life,  and  died  from  causes  totally  unconnected  with  the 
heart  affection, 
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.Diagram  23.-UNIVERSAL  FIRM  PLEURITIC  ADHESIONS. 
Elizabeth  Hooper,  aged  17,  I'atie-^t  of  Dr.  Hutchinson;  Mitral 
Kegurgitatio.n  ;  Heart  large.    (See  Diagram  ii.) 


I.  Right  lung;  i'.  Left  lung;  both  lungs  were  adherent  to  the  pericardunn 
and  diaphragm  ;  tlie  adhesions  of  llie  left  hmg  were  recent  and  soft.  2.  Ven- 
tricle. 3.  Right  auricle.  4.  Vena  cava.  5.  Aorta.  6.  Pulmonary  artery. 
7-  Liver.    8.  Stomach.    9.  Spleen.    lo.-io.  Kidneys. 

The  adlicsions  w  ere  universal,  very  firm,  and  inseparable,  save  by  dissection.  The 
pericardium  was  much  thickened  ;  numerous  small  tubercles  studded  and  thickened 
the  mitral  valve,  through  which  regurgitation  must  have  taken  place  during  life  ; 
chiefly,  I  apprehend,  becau-c  the  columna?  carnere  could  not  contract. 
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It  is  a  supported  infcM-encc  that  loose  pericardial  adhesions 
may  exist,  if  unaccompanied  by  valvular  disease,  without 
acting  prejudicially  on  the  heart's  action,  on  health,  or 
on  life. 

Strong  adhesions. — If  the  adhesions  be  dense,  strong,  and 
contracted,  and  unaccompanied  by  valvular  disease,  they 
often  gradually  lessen  the  bulk  of  the  heart's  cavities,  and 
impede  their  expansion.  (See  Diagram  26,  the  subject  of 
which  had  the  most  distressing  symptoms  of  heart  disease.) 
In  this  case  the  heart  was  very  small ;  the  dense  pericardial 
investment  acted  as  an  universal  girdle. 

The  shorter  the  adhesions  the  more  prejudicial  must  they 
be.  The  costo-sternal  walls  are  dragged  backwards,  as  the 
ventricles  contract,  by  a  great  portion  of  that  force  that 
ought  to  have  been  wholly  expended  in  circulating  the  blood. 
The  cavities  are  not  allowed  to  empty  themselves  ;  their  walls 
are  not  permitted  to  contract  and  exert  their  pressure  in  the 
natural  manner.  The  efficient  contraction  of  the  columna; 
carnere  will  be  prevented,  and  regurgitation  will  ensue  in 
some  cases  where  there  is  even  no  actual  valvular  disease. 

Diagrams  22,  23,  24,  25,  and  L.  14,  exhibit  the  position 
of  the  heart  and  the  internal  organs  in  cases  of  enlargement 
with  pericardial  adhesion  ;  the  cases  are,  to  a  certain  extent, 
progressive.  In  Diagram  22  the  adhesion  is  partial ;  the 
ventricular  septum  is  adherent  near  the  apex,  for  the  extent 
of  an  inch,  to  the  free  pericardium  ;  the  pleuritic  surface 
of  the  pericardium,  over  the  same  point,  is  adherent  to  the 
costal  pleura.  The  rest  of  the  heart  is  free  from  adhesions  ; 
its  pericardial  surfaces  are  roughened  by  inflammatory  new 
membranes  ;  but  as  the  movements  of  the  heart  upon  the 
walls  of  the  chest  were  prevented  by  the  double  pericardio- 
pleural adhesions,  there  was  only  a  feeble  friction-sound 
excited.    In  Diagram  23  the  adhesions  were  comparatively 
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Diagram  24.— UNIVERSAL  FIRM  PERICARDIAL  ADHESIONS. 

Mary  West,  aged  34;  Mitral,  Aortic,  and  Tricuspid  Narrowing  and 
Regurgitation  ;  Heart  very  Large, 


1.  Right  lung;  i'.  Lefc  lung.  2.  Venlricle=.  3  Right  auricle.  4.  Vena 
cava.  5.  Aorta.  6.  PulniDnary  artery.  7.  Liver.  8.  Stormch.  9.  Spleen, 
lo.-io.  Kidneys. 

Wcig/U  of  Organs. — Ri^lit  lung,  20  ounces  ;  left  lung,  19  ditto  ;  heart,  32  ditto  ; 
liver,  56  ditto  ;  spleen,  6  ditto  ;  pancreas  4  ditto  ;  kidney?,  each,  6  ditto. 

Heart's  cavities  enL^rged  ;  wall;  of  ventricles  thickened  ;  mitral  valve,  cartila- 
ginous, half  an  inch  in  diameter  ;  aortic  valves,  calcareous,  about  half  an  inch  ditto  ; 
tricuspid  valve,  firm,  about  three-quarters  of  an  inch  ditto. 

Physical  Sijns. — Strong  protruding  impulse  at  the  a^ex,  between  the  sixth  and 
seventh  ribs.     During  the  systole,  the  sternum  and  the  left  a-id  right  costal 
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of  recent  formation  ;  the  nnargins  of  the  valves  were  studded 
with  numerous  minute  papilla;,  of  a  tendinous  consistence ; 
but  the  mitral  regurgitation,  which  was  very  marked,  seemed 
to  be  chiefly  due  to  the  want  of  complete  action  in  the 
columnae  carnea;.  Diagram  24  exhibits  a  case  of  enormous 
heart-enlargement,  of  long  standing,  with  mitral  and  tri- 
cuspid regurgitation.  Diagram  25  was  taken  from  a  female, 
who  had  long  been  the  subject  of  pericardial  adhesions  ;  the 
position  of  the  valves,  and  the  interference  with  the  respiration 
of  the  left  lung,  is  there  shown. 

Displace^nent  of  the  Heart  and  its  Valves,  and  of  the  Ribs 
and  Internal  Organs,  by  Pericardial  Adhesions. — The  right 
ventricle  is  usually  enlarged  as  well  as  the  left.  In  two  cases 
the  ventricular  cavities  were  flattened  ;  instead  of  the  right 
ventricle  taking  a  sweep  half  round  the  protruding  left  ven- 
tricle, it  lay  directly  in  front  of  it,  the  common  septum  being 
flattened  instead  of  bulging.  The  ventricles  expand  upwards 
as  well  as  downwards ;  way  seems  to  be  made  for  them  above 
by  the  previous  fluid  distension.  All  the  great  vessels  and 
the  contracted  appendix  of  the  auricle  are  pushed  upwards, 
riding  on  the  top  of  the  raised  ventricles.  The  displacement 
of  the  sternal  margin  of  the  middle  lobe  of  the  right  lung 
is  considerable,  somewhat  more  than  it  is  in  simple  enlarge- 
ment ;  but  the  left  ventricle  is  very  much  more  enlarged  to 
the  left  than  the  right  auricle  and  right  ventricle  are  to  the 
right.    The  apex  in  many  cases  goes  quite  over  to  the  outer 

cartilages,  over  the  right  ventricle,  became  steadily  depressed  ;  immediately  after 
the  systole  they  advanced  with  a  shock.  Over  the  upper  part  of  the  sternum 
and  near  the  great  vessels,  sawing  systolic  noise,  purring  tremor,  and  diastolic 
feeble  bellows  noise ;  over  the  third  left  costal  cartilage,  normal  second  sound  ; 
over  the  lower  half  of  the  sternum,  feeble  systolic  bellows  noise  ;  over,  below, 
and  to  the  left  of  the  apex,  systolic  and  diastolic  bellows  murmurs.  An  impul- 
sive shock  or  ring  heard  at  ihc  beginning  and  end  of  the  systole. 
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Diagram  25.— UNIVERSAL  PERICARDIAL  ADHESIONS. 

Elizabeth  Marshall,  aged  22,  Universal  Pericardial  Adhesio> 

Mitral  Regurgitation, 


I.  Right  lung;  i'.  Left  lung.  2.  Ventricles.  3.  Right  auricle.  5.  Aorta. 
S'.  Aortic  valves.  6.  Pulmonary  artery,  valves.  7.  Liver.  8.  Stomach.  9. 
Spleen,    lo.-io.  Kidneys. 

The  dotted  lines  indicate  the  change  of  position  on  the  outlines  of  the  ribs  and 
costal  cartilages,  caused  by  artificial  inflation  of  the  lungs.  The  movements  of 
the  ribs  and  cartilages  are  much  greater  on  the  right  than  on  the  left  side. 

Wei§/it  of  Organs. — Right  lung,  13  ounces;  left  lung,  iidilto;  heart,  25 
ditto;  liver,  32  ditto  ;  pancreas,  4  ditto  ;  kidneys,  each,  6  ditto. 

The  ventricukr  cavities  were  enlarged  ;  their  walls  and  tlie  mitral  valve  w  ere 
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wall  of  the  chest,  pointing  between  the  sixth  and  seventh 
or  the  seventh  and  eighth  ribs,  and  entirely  displacing  the 
left  luug,  which  is  pushed  backwards  to  an  extent  quite 
unknown  in  enlargement  without  adhesions.  The  mass  of 
the  ventricles  is  very  considerably  lowered  ;  and  as  their 
downward  displacement  is  chiefly  on  the  left  side,  the  left 
bulge  and  central  tendon  of  the  diaphragm,  and  the  under- 
lying spleen,  stomach,  and  left  lobe  of  the  liver,  arc  much 
further  lowered  than  the  right  bulge  of  the  diaphragm  and 
the  liver. 

Where  valvular  disease  exists,  and  the  case  is  of  long 
standing  (Diagrams  24  and  25),  the  left  bulge  of  the  dia- 
phragm and  the  liver  are  displaced  to  an  extent  nearly 
proportional  to  that  of  the  left  bulge. 

Protrusion  of  the  Ribs. — The  lower  two-thirds  of  the  sternum 
and  the  attaching  costal  cartilages  on  each  side  of  it,  more 
especially  the  left,  the  xiphoid  cartilage,  and  the  sixth  and 
seventh  costal  cartilages,  are  all  pushed  forwards  ;  the  whole 
of  the  lower  left  ribs  are  pushed  outwards  by  the  displace- 
ment of  the  apex.  The  adhesions  of  the  heart  lay  hold 
of  the  costal  walls  as  the  heart  enlarges,  and  draw  those 
cartilages  outwards  to  the  left ;  the  lower  edge  of  the  con- 
joined sixth,  seventh,  eighth,  and  ninth  left  costal  cartilages, 
to  the  side  of  the  xiphoid  cartilage,  is  much  raised,  and  these 

thickened ;  the  opening  was  of  normal  size  ;  regurgitation  would  be  permitted, 
from  adhesions  hindering  the  contraction  of  the  columns  carnere,  and  from  the 
thickened  web  ;  other  valves  were  healthy. 

Physical  Signs. — The  impulse  was  very  strong  and  jogging,  shaking  and  heaving 
the  whole  chest.  The  apex  protruded  strongly ;  the  lower  half  of  the  sternum 
advanced  firmly  at  the  beginning  of  the  systole,  and  fell  back  gradually  and  firmly 
during  its  continuance.  The  lower  end  of  the  xiphoid  cartilage  fell  in  during  the 
systole.  Over  the  upper  part  of  the  sternum  normal  sounds,  or  a  faint  systolic 
murmur ;  second  sounds  normal.  Over  the  ventricle  near  the  apex,  through  the 
open  stethoscope,  loud  successive  impulsive  noises,  giving  the  effect  of  a  jogging 
canter;  through  the  closed  stethoscope,  the  canter  is  inaudible  ;  systolic,  rnthcr 
rough  bellows  murmur.    Impulse  irregular,  140  to  180. 
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Diagram  26.-UNIVERSAL  PERICARDIAL  ADHESIONS. 

ZA  Rlighton,  aged  19;  Universal  Strong  Girdling  Pericardial 
Adhesions,  preventing  the  Expansion  of  the  Cavities  ;  Valves 

HEALTHY  ;  HeART  SMALL. 


I.  Right  lung;  i'.  Left  lung.  2,  Ventricles.  3.  Right  auricle.  4.  Vena 
cava.  5-  Aorta.  6.  Pulmonary  artery.  7.  Liver.  8.  Stomach.  9.  Spleen, 
lo.-io.  Kidneys. 

Weig/tt  of  Organs. — Lungs,  each,  1 1  ounces  ;  heart,  6^  ditto  ;  liver,  37  ditto  ; 
spleen,  6  ditto  ;  pancreas,  3  ditto  ;  kidneys,  each,  4  ditto. 

Sympto7)is. — Heart's  region  of  superficial  dulness,  impulse,  and  sounds,  normal. 
Pulse  very  feeble  ;  palpitation,  dyspnoea,  and  anasarca ;  lips  blue. 


cartilages  and  their  attached  ribs  project  to  the  left  side. 
(Diagrams  22,  23,  24,  and  L.  14.) 
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Extent  of  the  Heart's  superficial  dulness. — The  extent  of 
the  heart's  superficial  dulness  is  very  great;  its  margin  rises 
as  high  as  the  third  costal  cartilage,  descends  below  the 
middle  of  the  xiphoid  cartilage,  is  about  a  rib's  breadth  to 
the  right  of  the  sternum,  and  its  left  boundary  is  seated 
almost  close  upon  the  outer  wall  of  the  chest. 

Respiration  has  little  effect  on  the  region  of  dulness  or  on 
the  impulse. — A  deep  inspiration  lowers  the  extent  of  the 
heart's  dulness  very  little  ;  the  ribs  on  the  entire  left  side 
have  a  more  limited  range  of  action  than  those  on  the  right. 
(Diagrams  25  and  L.  i.) 

The  impulse  is  felt  over  the  whole  region  of  praecordial 
dulness  ;  that  of  the  apex  is  extensive,  strong,  and  thrusting, 
and  is  very  far  over  to  the  left  side ;  in  one  case  the  apex 
rose  at  the  beginning,  and  fell  back  during  the  continuance 
of  the  systole.  The  sternum,  costal  cartilages,  and  xiphoid 
cartilage,  are  heaved  forward  firmly  and  steadily  at  the 
beginning  of  the  systole  ;  and  during  its  continuance  those 
parts  fall  back  steadily  and  quickly,  coinciding  with  the 
mode  of  systolic  contraction  of  the  right  ventricle.  (See 
experiment  on  an  ass,  p.  182.)  In  some  cases  the  sternum 
and  costal  cartilages  spring  forward  with  a  jerk  during  the 
diastole. 

Lateral  movement  of  the  Ribs. — In  Diagram  L.  14,  and  in 
another  case  just  examined,  the  fifth  and  sixth  ribs  and  costal 
cartilages  were  drawn  to  the  left  during  each  systole,  being 
dragged,  apparently,  after  the  heart  during  its  movements 
from  right  to  left  by  the  adhesions. 

Impulsive  noises. — These  sounds  are  usually,  but  not  uni- 
versally, very  loud  and  ringing  ;  they  are  composed  of  two, 
sometimes  three,  systolic  impulses,  and  at  last  a  diastolic 
shock ;  these  sounds  give  the  effect  of  cantering.  In  some 
cases  there  is  a  simple  impulsive  shock  ;  and  now  and  then  a 
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Diagram  L.  14.— PERICARDIAL  ADHESIONS  ;  ENLARGED  HEART 
WITH  VALVULAR  DISEASE. 

Alice  Massey,  aged  15,  Patient  of  Dr.  J.  C.  Williams  ;  Diagnosis 

INFERRED  FROM  SYMPTOMS  ;  RiGHT  VENTRICLE  LARGE, 


i.-i'.  Summit  of  the  lungs.  2.  Inferior  margins  of  the  lungs.  2a.  Inferior 
margins  of  the  hings  lowered  by  a  deep  inspiration  ;  the  lowering  is  greater  on 
the  right  than  on  the  left  side.  3.  Outlines  of  the  heart's  superficial  duliiess. 
3(T.  Descent  of  the  lower  bound  of  the  heart  on  a  deep  inspiration,  very  small. 
4'.  Outlines  of  the  heart's  deep-seated  dulness.  4«.  Concentric  curve.-; — indicate 
the  extent  of  the  heart's  impulse.    5.  Liver.    6.  Stomach. 

Tlie  shading  expresses  the  extent  of  the  protrusion  of  the  sternum  and  ribs,  due 
to  the  enlargement  of  the  heai-t. 

Symplovis. — V ery  considerable  protrusion  of  the  lower  two-thirds  of  the  sternum, 
and  of  the  left  third,  fourth,  fifth,  and  sixth  ribs.  Impulse  of  apex,  very  strong. 
The  two  lower  thirds  of  the  stenunn  firmly  protrude  during  the  systole ;  on  the 
conclusion  of  the  systole  they  fall  suddenly  back.  Tiie  fifth  and  sixth  ribs,  over 
the  ventricles,  move  from  right  to  left  dining  the  systole. 

Heart's  Sounds. — Over  llie  apex  and  the  wiiole  region  of  the  heart's  dulness, 
also  to  the  left  of  and  below  the  apex,  and  over  the  dorsum,  a  loud,  smooth, 
musical,  filing,  systolic  sound,  is  heard  through  the  open  stethoscope,  accompanied 
by  a  feeble  nunble  ;  it  is  loudest  near  the  apex.  Over  the  stomach  the  valvular 
murmur  has  a  peculiar  hollow  character  ;  no  second  sound.  Over  the  upper  part 
of  the  sternum,  faint  valvular  systolic  noise ;  it  is  inaudible  above  it ;  no  normal 
second  sound. 
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case  is  met  with  quite  free  from  any  impulsive  noise.  These 
noises  quite  obliterate  any  valvular  sounds  ;  but  the  applica- 
tion of  the  closed  stethoscope  removes  them  all,  and  exposes 
the  valvular  noises  in  unclouded  clearness.  The  impulse 
noises  are  seldom  so  strong  over  the  right  ventricle  as  over 
the  left. 

When  the  pericardial  adhesions  are  long  and  loose,  and 
when  the  heart  is  of  normal  size  and  free  from  valvular 
disease,  the  adhesions  cannot  give  rise  to  any  distinctive 
physical  signs. 

I  have  been  drawn  on  to  such  an  unreasonable  length  by 
the  extent  of  my  subject,  by  the  amount  of  my  materials 
and  by  my  want  of  command  over  words,  that  I  cannot 
conclude  this  article  in  the  manner  I  at  first  intended  ; 
neither  can  I,  from  want  of  space,  now  give  in  the  Appendix 
an  analysis  of  the  various  diagrams  and  tabulated  cases  in 
my  collection.  I  possess,  including  those  engraved  in  this 
paper,  79  diagrams  of  the  internal  viscera,  taken  from  the 
dead,  and  85  from  the  living  subject.  I  have  likewise 
records  in  a  tabulated  form  of  the  relative  position  of  the 
various  viscera,  as  ascertained  by  percussion  and  auscultation, 
in  88  persons,  of  both  sexes,  and  of  various  ages,  occupations, 
and  residences,  in  almost  all  of  whom  the  heart  and  lungs 
were  healthy.  In  66  of  these  cases  I  have  minute  notices  of 
the  form  of  the  surface,  as  indicative  of  the  viscera  under- 
neath ;  of  the  respiratory  sounds  over  the  larynx,  and  over 
different  parts  of  the  chest  in  tranquil  and  in  forced  respira- 
tion ;  of  the  nature  of  the  heart's  sounds  over  the  region 
of  the  heart's  superficial  dulness,  the  course  of  the  great 
vessels,  and  the  general  surface  of  the  chest ;  and  of  the  seat 
of  the  heart's  impulse.  The  results  of  the  scrutiny  of  these 
materials  are  detailed  in  the  preceding  pages. 
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To  the  diagrams  I  refer  with  satisfaction  and  confidence  ; 
they  have,  for  the  most  part,  been  constructed  and  reduced 
to  their  present  dimensions  with  mechanical  accuracy  on 
Dr.  Hodgkin's  plans.  The  engravings  are  exact  copies  of 
the  sketches  furnished.  To  the  engraver,  Mr.  Hart,  is  due 
the  rare  merit  of  not  having  made  a  single  mistake  in  the 
whole  series  of  woodcuts.  The  only  engraving  in  which  I  am 
sensible  of  an  error,  and  that  is  but  slight,  is  Diagram  6, 
which  error  is  due  not  to  the  engraver,  but  to  myself.  The 
diagrams  are  reduced  transcripts  from  nature ;  they  do  not 
merely  illustrate  this  paper ;  they  are  illustrative  of  the  works 
of  Laennec  and  Dr.  Forbes,  Corvisart,  Bouillaud,  and  Piorry  ; 
of  those  of  Drs.  C.  J.  Williams,  Hope,  Watson,  Stokes,  and 
Walshe,  of  M.  Mailliot,  and  other  authors. 

If  I  have  produced  anything  of  worth  in  the  preceding 
pages,  I  feel  that  it  is  due  to  having  pursued,  as  nearly  as 
my  powers  would  permit,  the  steps  of  my  first  master  in 
anatomy  and  surgery,  Mr.  Lizars,  and  of  my  master  in 
pathology,  Dr.  Hodgkin. 
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Note  to  Page  2. — "  The  facts  of  the  case  were  simply  these. 
I  at  once  perceived  the  importance  of  thy  researches  regarding  the 
situation  of  the  viscera  in  health  and  disease,  when  thou  first  men- 
tionedst  them  to  me,  many  months  ago,  and  I  announced  them  at 
a  meeting  of  the  Harveian  Society,  when  my  friend  Dr.  Edwin 
Harrison  was  relating  his  inquiries  and  observations  regarding  the 
situation  of  the  liver,  of  which  I  was  not  previously  aware,  although 
it  seems  they  had  commenced  even  earlier  than  thine.  When,  at  a 
subsequent  period,  thou  relatedst  to  me  thy  multiplied  observations, 
and  the  curious  and  definite  results  which  thou  hadst  arrived  at,  I  was 
very  desirous  to  impart  them  for  the  benefit  of  the  students  of  St. 
Thomas's  Hospital,  in  the  restoration  of  which  school  I  had  been 
solicited  to  take  a  part;  and  having  obtained  from  thee  the  permission 
and  means  to  enable  me  to  do  so,  I  was  further  desirous  that  the  school 
might  have  the  credit  of  being  the  first  publicly  to  divulge  thy  new 
method,  and  the  results  to  which  it  had  led.  For  this  purpose  I 
introduced  the  subject  at  one  of  the  soirees  given  in  the  course  of  last 
season.  I  had  many  large  diagrams  prepared  and  exhibited,  and 
briefly  exposed  the  principal  pathological  and  anatomical  points 
which  thy  observations  had  either  originated  or  confirmed,  pointing 
out  at  the  same  time  the  modification  in  the  form  of  the  chest  dis- 
covered and  described  by  Dr.  Harrison,  together  with  some  comments 
on  the  mode  in  which  its  hepatic  bulge  is  produced. 

"  When  mentioning  the  fact  which  thou  hast  pointed  out,  that  the 
inferior  margin  of  the  liver  makes  a  less  descent  than  the  diaphragm 
in  expiration,  I  endeavoured  to  connect  this  discovery  with  Alexander 
Shaw's  observations  on  the  hepatic  circulation,  as  given  to  the  British 
Association,  and  published  in  the  Medical  Gazette,  and  I  think  I  gave 
the  explanation  which  may  thus  be  rendered  of  the  influence  of 
rid  ing  on  horseback,  and  some  other  exercises,  in  stimulating  the 
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functions  of  the  \wqx r —Extract  of  a  Letter  from  Dr.  Hodgkin  to 
F.  Sib  son. 

Note  to  Page  35.— Some  years  ago  Mr.  Waterton  performed  in 
Nottingham  some  experiments  with  the  wourali  poison  on  an  ass.  He 
inserted  the  poison  into  the  fleshy  part  of  the  animal's  fore-leg ;  in 
twenty  minutes  the  ass  appeared  to  be  dead.  The  heart  still  beat. 
Artificial  breathing  was  kept  up  for  seven  hours  and  a  quarter,  during 
the  whole  of  which  time  the  heart  continued  to  beat,  though  the  ass 
was  apparendy  lifeless ;  at  length  the  nostrils  dilated,  he  breathed, 
he  kicked,  opened  his  eyes,  and  became  sensible,  in  short  he  was 
again  alive. 

Mr.  Waterton's  object  was  to  prove  that  man  may  have  the  life  of 
his  nervous  system  perfectly  suspended  by  the  wourali  and  yet  recover. 
In'_  hydrophobia  the  nervous  system  is  morbidly  over-active,  death  is 
inevitable  ;  it  is  anticipated  that  after  paralysing  the  nervous  system 
for  a  time  with  wourali,  the  patient  will  awake  to  consciousness 
free  from  disease. 

Note  to  Page  122. — "I  observe  thou  hast  noticed  my  opinion 
regarding  pneumonia ;  but  I  think  it  is  liable  to  be  misunderstood 
when  it  states  that  complete  pneumonia  is  not  recovered  from.  My 
opinion  and  statement  have  been  that  the  most  plastic  form  of 
pneumonia  obliterates  the  cells  and  leads  to  contraction  ;  that  the 
opposite  form,  or  white  hepatization,  from  the  commencement  is 
non-plastic,  breaks  down  if  the  patient  survive  long  enough  ;  but 
that  the  intermediate  form,  which  is  the  most  frequent,  admits  of 
restoration. 

"  The  three  forms  are  all  positively  pneumonia.  The  ultimate 
results  of  the  first  form  have,  I  think,  been  overlooked,  or  at  least 
never  cleai-ly  described,  with  the  exception  of  the  notice  of  them  in 
my  second  volume." — Extract  of  a  Letter  from  Dr.  Hodgkin  to  F. 
Sibson. 


II. 


ON  THE  MECHANISM  OF  RESPIRATION/ 

I.  Six  or  seven  years  since,  while  examining  the  chest  in 
persons  subject  to  dyspnoea,  I  was  struck  by  observing  that 
the  latissimus  dorsi  and  the  serratus  magnus  muscles  acted 
during  forcible  expiration ;  on  further  inquiry,  I  found  that 
neither  of  them  acted  during  inspiration.  I  also  ascertained 
that,  on  inspiration,  the  scalcni  acted  during  the  whole  time ; 
that  the  superior  ribs  came  nearer  to  each  other,  and  the 
inferior  moved  farther  apart ;  and  that  the  internal  intercostal 
muscles  between  the  six  superior  costal  cartilages  and  the 
external  intercostal  muscles  between  the  superior  ribs  were 
in  action. 

I  communicated  these  observations  to  Professor  Bell ;  he 
advised  me  to  examine  and  figure  the  muscles  of  respiration 
in  the  lower  animals.    This  I  did. 

After  making  an  extensive  series  of  dissections  and  illustra- 
tions of  the  respiratory  apparatus  in  the  animals  that  breathe 
with  ribs,  I  exposed  the  muscles  of  respiration  in  the  dog  and 
the  ass  while  alive,  and  observed  what  muscles  acted  on  in- 
spiration, and  what  on  expiration.    I  afterwards  inflated  the 

^  From  the  Philosophical  Transactions  of  the  Royal  Society  of  London 
for  the  year  1846,  by  Francis  Sibson,  Esq.  Communicated  by  Thomas 
Bell,  Esq.,  F.R.S. 
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lungs  in  the  dead  animal,  and  found  that  the  same  muscles 
that  acted  during  inspiration  were  shortened  when  the  lungs 
were  distended.  This  was  important,  as  it  rendered  the 
repetition  of  vivisections  less  necessary. 

Having  extended  these  inquiries  to  all  classes  of  animals 
breathing  by  ribs,  commencing  with  the  simplest,  and  ascend- 
ing to  man,  I  came  to  the  conclusion  that  the  mechanical  part 
of  the  function  of  respiration  was  far  more  complicated  than 
it  has  generally  been  regarded,  and  that  in  some  important 
particulars  the  generally  received  opinions  on  the  subject 
required  to  be  essentially  changed. 

This  series  of  researches  form  the  subject  of  the  following 
paper. 

REPTILES,  §§  2—16. 

2.  The  serpent  tribe  of  reptiles,  possessing  no  sternum, 
have  ribs  which  are  connected  with  the  vertebrae  only,  being 
without  costal  cartilages. 

Snake,  §§  3— u,  Plate  I.  Fig.  I.  a,  b. 

3.  In  the  snake,  the  ribs,  besides  their  respiratory  action, 
serve  as  limbs  for  progression.  The  question,  What  are  its 
respiratory  muscles.''  becomes  complicated  with  another 
question,  What  are  its  muscles  of  progression  ?  Do  the  same 
muscles  serve  both  functions,  or  is  each  function  performed  by 
distinct  muscles  } 

Lateral  Muscles  of  Locomotion  (30). 

It  may  be  affirmed  that  the  numerous  many-headed  lateral 
muscles  (30.  30.  30)  which  pass  from  rib  to  rib,  are  devoted 
to  locomotion.    They,  acting  on  alternate  sides,  draw  the 
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ribs  to  which  they  are  attached  nearer  to  each  other,  curve 
the  spine  laterally,  and  spread  the  ribs  of  the  opposite  side 
farther  apart.  The  other  muscles  probably  serve  both  for 
locomotion  and  respiration. 

4.  The  Ribs  are  Simple. 

The  ribs  of  the  snake  are  so  simple  that  their  action  in 
breathing  is  very  intelligible.  If  we  distend  the  lungs  to  the 
full,  and  note  how  the  position  of  the  ribs  is  changed,  what 
muscles  are  shortened  and  what  lengthened,  we  shall  ascer- 
tain what  movements  of  the  ribs  will  cause  an  inspiration, 
what  an  expiration,  and  we  shall  discover  what  muscles  are 
inspiratory,  what  expiratory.  The  shortening  of  a  muscle  is 
conclusive  evidence  of  its  action  ;  if  we  find  one  set  of  muscles 
shortened  when  we  distend  the  lungs,  another  set  lengthened, 
we  know  that  the  shortened  muscles  are  inspiratory,  the 
lengthened  expiratory.  I  have  not  ascertained  experiment- 
ally on  the  snake  that  the  same  muscles  act  when  the  animal 
inspires  that  are  shortened  when  we  distend  the  lungs,  but  I 
have  ascertained  it  in  the  dog  and  the  ass.  I  observed  these 
animals  breathe  when  the  muscles  were  exposed,  noted  the 
actions  of  the  various  muscles  one  by  one,  and  after  death  in- 
flated the  lungs  ;  those  muscles  that  acted  during  inspiration 
were  invariably  shortened  when  the  lung  was  distended,  and 
those  that  were  passive  were  lengthened  ;  on  the  other  hand, 
those  muscles  that  were  active  during  expiration  were  shortened 
when  the  lungs  were  flaccid.  This  fact  rendered  it  unneces- 
sary to  find  out  by  further  vivisections  the  actions  of  the 
respiratory  muscles  :  they  could  be  ascertained  leisurely  on 
the  dead  body  and  represented  by  accurate  drawings  ;  such 
drawings  I  have  made  by  aid  of  the  tracing-frame  recom- 
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mended  to  me  by  Dr.  Hodgkin.^  These  drawings  exhibit 
the  changes  effected  in  the  form  of  the  chest,  the  direction  of 
the  ribs,  and  the  length  of  the  various  respiratory  muscles  in 
inspiration  and  expiration. 

In  the  snake  all  the  ribs  have  similar  motions  and  similar 
muscles  by  which  the  motions  are  effected. 

5.  On  inspiration,  or  rather  on  distending  the  lungs,  for  I 
never  noticed  a  snake  inspire,  the  ribs  are  raised  at  their  free 
extremity  and  throughout  their  whole  course.  The  range  of 
motion  of  the  free  end  is  greatest,  that  end  being  most  remote 
from  the  centre  of  the  ribs'  motion  at  the  vertebrae.  If  we 
assume  that  the  rib  is  a  straight  rod,  we  can  examine  the 
motions  of  the  various  ribs  in  relation  to  each  other  uncom- 
plicated by  disturbing  or  diagonal  motions. 

6.  On  Inspiration  ;  the  Ribs  are  raised,  move  forzuards,  glide 
on  each  other,  move  farther  part.    Diagrams  A  i,  2. 

In  Diagram  A  i  the  ribs  are  depressed  at  their  free  ends  as 
in  the  state  oi  expiration. 

In  Diagram  A  2  they  are  raised  as  in  the  state  of  inspiration. 

V  indicates  the  spinal  column, 

b,  c,  d,  e,  the  ribs,  their  free  ends. 

b' ,  c,  d',  e,  the  vertebral  ends  of  the  ribs. 

When  the  ribs  are  raised  the  free  ends  move  forwards  so  as 
to  be  more  distant  from  the  vertebrae  ;  the  result  is,  the  chest 
is  deepened.  The  various  ribs,  b,  c,  d,  e,  are  more  distant 
from  each  other  in  Fig.  A  2,  inspiration,  than  in  Fig.  A  i, 
expiration. 

In  Fig.  A  I,  expiration,  the  free  end  of  the  rib  c  is  con- 
siderably in  front  of  a  line  b  3,  drawn  at  right  angles  to  the 
rib  b.    In  Fig.  A  2,  inspiration,  the  free  end  of  c  is  very  little 

1  Described  in  the  foregoing  paper. 
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in  front  of  such  line  h'  3  ;  it  follows  that  the  lower  edge  of  the 
superior  rib  b  glides  forward  in  relation  to  the  upper  edge  of 
the  inferior  rib  c  ;  and  vice  versd,  the  upper  edge  of  the  lower 


Diagrams. 

Ai.  A  2. 


rib  c  glides  backwards  in  relation  to  the  lower  edge  of  the 
upper  rib  b. 

7.  The  Levatores  Costarum  and  External  Intercostals  are 
Inspiratory.    Diagram  A  2. 

It  is  evident  that  the  line  i  representing  the  levator  costse 
is  much  shorter  in  Diagram  A  2,  inspiration,  than  in  Diagram 
A  I,  expiration  ;  it  is  also  evident  that  the  lines  2,  2,  i,  re- 
presenting the  external  intercostals,  which  descend  obliquely 

1^  2 
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forwards,  arc  much  shorter  in  Diagram  2,  inspiration,  than  in 
Diagram  i,  expiration.  It  follows  that  the  external  inter- 
costals  are  inspiratory. 

The  rib  is  raised  by  the  levator  costae  and  by  the  external 
intercostal,  and  the  upper  edge  of  the  lower  rib  is  made  to 
glide,  backwards  in  relation  to  the  lower  edge  of  the  upper 
rib  by  the  external  intercostal,  whose  fibres,  passing  down- 
wards and  forwards,  necessarily  pull  the  lower  rib  upwards 
and  backwards. 

8.  TJie  Internal  Intercostals  are  Expiratory.    Diagram  A  i. 

The  line  3,  representing  the  internal  intercostal,  whose 
fibres  pass  obliquely  upwards  and  forwards,  is  much  shorter 
in  Diagram  A  I,  expiration,  than  in  Diagram  A  2,  inspiration. 
It  follows  that  this  muscle  is  expiratory.  The  internal  inter- 
costal is  expiratory,  it  lowers  the  upper  rib,  and  causes  its 
lower  edge  to  glide  backwards  in  relation  to  the  upper  edge 
of  the  lower  rib. 

The  line  4,  4,  represents  a  muscle  in  the  snake  that  passes 
over  one  rib  to  be  inserted  into  the  next  rib  but  one  above ; 
it  has  the  same  action  as  the  internal  intercostals. 

9.  On  Inspiration  the  Ribs  are  draivn  backwards  posteriorly, 
outzvards  laterally,  and  move  forzvards  anteriorly.  Diagrams 
B  I,  2. 

Besides  the  elevation  of  the  rib  during  inspiration,  each  rib 
is  drawn  backwards,  so  as  to  increase  the  area  between  the 
ribs  of  the  two  sides. 

The  ribs  are  drawn  thus  backwards  by  the  levatores  cos- 
tarum,  3,  3,  the  origin  of  which  is  behind  the  centre  of  motion 
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of  the  rib  at  its  articulation  with  the  vertebra.  The  levator 
costae  (3)  is  shorter  in  Diagram  B  2,  inspiration,  than  in  Dia- 
gram B  I,  expiration. 

The  backward  motion,  of  the  ribs  during  inspiration  (B  2) 
counterbalances  to  a  great  extent  the  forward  motion  of 
their  free  ends,  due  to  their  inspiratory  elevation,  Diagram 
A  2,  §6. 

The  Levator  Cosies  drazvs  tJie  Rib  backtvards ,  B  2. 

Diagram  B 1.  „  jB  ,Q. 


It  follows  that  during  inspiration  the  vertebral  and  lateral 
portions  of  the  rib  move  backwards  and  outwards,  while  the 
free  end  moves  forward ;  thus  the  space  between  the  ribs  is 
deepened  and  widened  at  the  same  time. 

During  expiration  the  ribs  are  lowered,  their  free  ends  move 
downwards,  inwards,  and  backwards;  while  the  lateral  and 
vertebral  portions  move  downwards,  inwards,  and  forwards ; 
thus  the  area  between  the  ribs  is  narrowed  and  made  less 
deep. 


10.  Inspiratory  Muscles;  Scaleni  (Fig.  I.  i)  ;  Levatorcs  Cos- 
tarum  (Fig.  I.  6) ;  External  hitercosials  (Fig.  I.  7) ;  &€. 

The  inspiratory  muscles  in  the  snake  are  the  scaleni  (i), 
descending  from  the  cervical  vertebrae  to  the  first  ribs,  and  by 
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continuation  to  the  succeeding  ribs.  The  continuous  fibres 
are  parallel  to  and  blended  with  those  of  the  external  inter- 
costal muscles. 

The  external  intercostal  muscles  (7)  are  shorter  in  Fig.  I.  e, 
inspiration,  than  in  Fig.  I.  d,  expiration.  There  are  several 
other  inspiratory  muscles.  Two  of  these  (32,  .34)  arise  from 
the  vertebra  and  are  inserted  into  the  rib,  below  and  in  front 
of  the  levator  costae,  another  (33)  passes  from  rib  to  rib  near 
the  vertebrae;  these  are  probably  chiefly  muscles  of  pro- 
gression ;  they  are  all  shortened  when  the  lungs  are  expanded 
and  the  ribs  are  raised. 

II.  Expiratory  Muscles ;  Depressors  of  the  Ribs  (Fig.  I.  31)  ; 
Internal  Intercostals  (Fig.  I.  21)  {pass  zvithin  one  rib); 
Transversalis  (Fig.  I.  20). 

TJie  Expiratory  Muscles. — A  series  of  narrow,  ribbon-like 
muscles  (31),  peculiar  to  the  serpent  tribe,  lies  in  front  of  the 
vertebral  portions  of  the  ribs  ;  each  of  these  muscles  takes  its 
rise  from  the  body  of  the  vertebra,  ascends  obliquely  out- 
wards, and  passes  in  front  of  four  or  five  ribs  to  be  inserted 
into  the  lower  edge  of  the  fifth  or  sixth  rib  above.  These 
muscles  are  attached  about  half-way  between  the  vertebrae 
and  the  free  ends  of  the  ribs,  and  are  much  shortened  when 
the  lungs  are  flaccid.  They  pull  the  ribs  downwards,  and 
narrow  the  chest  between  the  opposite  ribs  by  drawing  them 
nearer  to  each  other,  and  by  bringing  forward  their  vertebral 
portion.    They  antagonize  the  levatores  costarum. 

A  muscle  (21)  arises  from  the  upper  edge  of  the  rib  just 
above  the  insertion  of  the  depressor  of  the  rib :  this  passes 
obliquely  upwards  and  outwards  in  front  of  one  rib,  to  be 
inserted  into  the  lower  edge  of  the  second  rib  above,  near  to 
its  free  end.    This  is  shorter  when  the  lung  is  flaccid  than 
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when  it  is  distended,  and  is,  in  fact,  a  continuation  of  the 
depressor  of  the  rib,  the  rib  being  interposed ;  it  represents 
the  internal  intercostal. 

A  transversalis  muscle  (20)  forms  a  musculo-tendinous  web 
over  the  whole  belly ;  it  is  attached  to  the  inner  surface  of  the 
rib  where  the  depressor  costae  is  inserted,  and  acts  with  the 
depressor  costae  to  narrow  the  area  between  the  opposed  ribs. 

There  are  cutaneous  muscles  that  assist  in  expiration  in 
front  of  the  transversalis,  which  are  connected  with  the  ribs 
externally. 

The  Chameleon,  §§  12—16,  Plate  I.  Fig.  II. 

12.  The  chameleon,  though  a  cold-blooded  animal,  whose 
movements  are  for  the  most  part  sluggish,  and  whose  breath- 
ing is  slow  and  irregular,  yet  stands  in  need  of  occasional 
very  deep  inspirations  and  very  sudden  and  complete  ex- 
pirations. 

13.  Has  a  Sternum,  and  long  Costal  Cartilages  in  addition 

to  the  Ribs. 

The  chameleon  has  a  greater  portion  of  rib  movement  than 
almost  any  other  four-legged  creature.  The  ribs,  which  are 
long  and  slender,  yet  strong,  are  eighteen  in  number  ;  the 
lowest  rib  is  at  a  very  short  distance  from  the  pelvis.  The 
first  and  second  ribs  have  no  cartilages ;  the  rest,  excepting 
the  last,  have  long,  firm,  slender  cartilages,  attached  by  very 
flexible  almost  tendinous  intermedia  to  the  ends  of  the  ribs. 
The  costal  cartilages  of  the  third,  fourth,  and  fifth  ribs  are 
attached  to  the  sternum.  They  resemble  closely  the  costo- 
sternal  ribs  of  birds.  The  remainder  have  their  anterior 
extremities  free. 
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The  addition  of  a  complete  system  of  anterior  ribs  or 
movable  cartilages  gives  the  chameleon  a  double  power  over 
the  snake  for  the  expansion  of  its  lungs,  I  defer  considering 
the  mode  in  which  the  anterior  ribs  act  in  expanding  and 
narrowing  the  chest  until  I  describe  the  mechanism  of  breath- 
ing in  birds,  as  it  is  so  much  more  intelligible  and  explicable 
in  the  bird  than  in  the  chameleon. 

14.  Inspiratory  Muscles  acting  on  the  Ribs,  Plate  I.  Fig.  II. 

I,  S,  6,  7. 

The  scalenus  (i),  the  levatores  costarum  (5,  6),  and  the 
external  intercostals  (7),  have  the  same  action  and  nearly 
the  same  anatomical  distribution  that  they  have  in  the  snake. 
They  combine  to  elevate  the  ribs,  push  forwards  their  anterior 
ends,  and  draw  backwards  their  posterior  curves ;  they  thus 
deepen  and  widen  the  chest.  The  fibres  of  the  external 
intercostal  muscles  between  the  first  and  second,  and  second 
and  third  ribs,  have  the  same  direction  with  those  of  the 
scalenus,  of  which  indeed  they  seem  to  be  a  continuation,  the 
ribs  being  interposed. 

In  addition  to  these  muscles,  there  is  between  some  of  the 
ribs  another  external  intercostal  (7),  whose  fibres  are  super- 
ficial to,  and  less  oblique  than,  the  usual  external  intercostal. 

15.  Inspiratory  Muscles  of  the  Cartilages,  Plate  I. 

Fig.  II.  9. 

The  first  costal  cartilage  is  raised  by  a  strong  triangular 
muscle  arising  from  the  sternum  (9) ;  strong  muscular  fibres 
pass  from  the  first  cartilage  to  the  second,  and  raise  it  on 
inspiration  ;  the  rest  have  between  them  webs  of  aponeurotic 
tissue. 
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1 6.  Expiratory  Muscles,  Plate  I.  Fig.  II.  31,  21,  32,  30, 

19,  17. 

In  expiration  a  series  of  small  muscles  (31)  lower  the  ribs; 
each  arises  from  the  vertebra  to  be  inserted  into  the  lower 
edge  of  the  rib  above. 

A  set  of  muscles  (21),  as  in  the  snake,  arise  from  the  upper 
edge  of  one  rib,  and  pass  upwards  over  the  inner  surface  of 
another,  to  be  inserted  into  the  rib  but  one  above.  An 
internal  intercostal  (21)  arises  from  the  upper  edge  of  that 
portion  of  the  rib  into  the  lower  edge  of  which  the  last 
muscle  is  inserted.  This  muscle  is  inserted  into  the  anterior 
portion  of  the  rib  above.  The  chameleon  has  peculiar  to  it 
a  muscle  to  narrow  the  chest,  by  drawing  the  ribs  inwards 
and  nearer  to  those  of  the  opposite  side.  This  muscle  (32) 
arises  from  the  body  of  the  vertebra  anterior  to  the  articula- 
tion of  the  rib,  and  is  inserted  into  the  inner  surface  of  the  rib 
near  the  vertebral  head. 

A  long  external  depressor  of  the  ribs  (longissimus  dorsi, 
30)  arises  from  the  pelvis,  and  is  inserted  by  many  tendons 
into  the  lower  edges  of  the  ribs. 

The  chest  is  narrowed  anteriorly  by  the  transversales 
muscles  (19,  19)  that  arise  from  the  anterior  end  of  the 
vertebral  ribs,  and  are  inserted,  the  upper  portion  into  the 
sternum,  the  rest  into  the  costal  cartilages  ;  they  cause  the 
cartilages  to  bend  on  the  ribs  in  expiration. 

The  ribs  are  lowered  by  an  external  oblique  (17). 
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BIRDS,  §§  17—27  (Plate  II.  Fig.  III.  a,  b,  c;  Plate  III. 
Figs.  IV.  V.  VI.  a,  b). 

17.  Birds  have,  m  addition  to  Spinal  Ribs,  a  Sternum  and 

Sternal  Ribs. 

Birds  have  a  complete  apparatus  of  ribs  hinging  on  the 
sternum,  in  addition  to,  and  articulated  with,  those  hinging 
on  the  vertebral  column.  The  vertebrae  and  the  vertebral 
ribs  combine  with  the  sternum  and  the  sternal  ribs  to  com- 
plete a  circuit,  forming,  as  it  were,  a  cylinder  or  cavity- 
inclosing  and  protecting  the  lungs,  heart,  and  abdominal 
viscera.  In  such  a  manner  do  they  combine  and  articulate, 
that,  by  the  movements  of  the  ribs,  the  cavity  can  be  enlarged 
on  inspiration  and  lessened  on  expiration.  The  sternum 
bears  the  same  relation  to  the  sternal  ribs  that  the  vertebral 
column  does  to  the  vertebral  ribs.  These  sternal  ribs  are 
long  slender  bones  that  articulate  at  one  extremity  with  the 
sternum,  at  the  other  with  the  vertebral  ribs. 

18.  Diagram  C  i,  2.  On  Inspiration,  the  Sternal  as  well  as 
the  Spinal  Ribs  are  raised,  glide  on  each  other  (§  6,  7) 
and  move  farther  apart. 

Diagram  C  i  represents  the  vertebral  and  sternal  ribs  in 
the  position  they  have  in  expiration  ;  Diagram  C  2  that  they 
take  up  in  inspiration.  It  is  here,  as  in  Diagram  A  i,  2, 
inferred  that  the  ribs,  both  sternal  and  vertebral,  are  all 
straight  rods  of  equal  length,  hinging  on  the  vertebrae  V  and 
sternum  S  with  upward  and  downward  motions. 

"While  the  obliquity  of  the  vertebral  ribs  is  from  behind 
forwards  and  downwards,  that  of  the  sternal  ribs  is  from 
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before  backwards  and  downwards.  The  motions  of  the 
sternal  ribs  on  the  sternum  arc  precisely  the  same  in  principle 
with  the  motions  of  the  vertebral  ribs  on  the  vertebrae,  only 
they  are  all  reversed.  While  the  distant  ends  of  the  latter 
ribs  when  raised  move  forwards  from  the  vertebrae,  those  of 
the  former  move  backwards  from  the  sternum  ;  while  the 
upper  edge  of  each  vertebral  rib  glides  backwards  in  relation 
to  the  lower  edge  of  the  rib  above  (§  6,  7),  that  of  the  sternal 
rib  glides  forwards. 

The  same  holds  as  to  the  muscles ;  while  the  scalenus  or 
levator  costae  (i)  raises  the  vertebral  rib,  the  sterno-costalis 
(3)  elevates  the  first  sternal  rib  ;  while  the  external  inter- 
costals  (2)  elevate  and  give  the 'gliding  motion  to  the  vertebral 
ribs  (§  6,  7),  the  sternal  intercostals  (4)  give  the  same  motions 
to  the  sternal  ribs ;  and  while  the  muscles  of  the  vertebral 
ribs  are  directed  forwards  and  downwards,  those  of  the  sternal 
ribs  pass  backwards  and  downwards.  The  two  sets  of  muscles 
combine  in  one  action  to  raise  the  ends  by  which  the  two  sets 
of  ribs  articulate  with  each  other  (§  6,  7). 


19.  On  Inspiration,  the  angles  formed  by  the  Ribs  are  more 
open,  the  Sternian  and  Spinal  Column  more  distant. 

In  Diagram  C  2,  inspiration,  the  angle  d,  c,  formed  by  the 
articulation  of  the  two  ribs  is  much  more  open  than  in  Dia- 
gram C  I,  expiration  ;  in  the  latter  they  are  bent  to  a  right 
angle,  in  the  former  they  are  nearly  straight.  As  the  costal 
ends  of  the  ribs  are  more  distant  from  the  sternum  and  verte- 
brae in  inspiration  C  2  than  in  expiration  C  I,  so,  to  a  double 
extent,  is  the  distance  increased  between  the  sternum  and 
the  spinal  column  ;  if  the  spinal  column  be  fixed,  the  sternum 
moves  forwards  to  a  very  great  extent. 
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20.  Spinal  Ribs. 

All  the  spinal  ribs,  except  the  two  first,  which  have  free 
anterior  extremities,  articulate  with  sternal  ribs.  Those  ribs 
that  articulate  with  the  vertebrjE,  and  likewise  with  costal  ribs, 
are  of  about  equal  length,  and  have  spurs  from  their  lower 
edges  to  give  attachment  and  purchase  to  various  muscles. 
The  lowest  ribs  articulate  with  the  pelvis.  The  pelvic  ribs 
have  no  spurs,  are  longer  than  the  purely  vertebral  ribs,  and 
usually  articulate  with  sternal  ribs  that  are  joined  to  each 
other  near  the  sternum,  with  which  they  have  a  common 
articulation. 

Each  purely  vertebral  rib  has  two  articulations,  one  with 
the  body,  the  other  with  the  transverse  process  of  the  ver- 
tebra ;  this  last  attachment  allows  the  rib  to  be  raised,  but 
prevents  that  free  range  of  forward  motion  that  is  permitted 
in  the  snake. 

21.  Sternal  Ribs. 

The  superior  sternal  ribs  are  very  short,  many  times  shorter 
than  the  corresponding  vertebral  ribs  ;  they  become  gradually 
longer,  the  lowest  equalling  in  length  the  corresponding  verte- 
bral ribs. 

22.  I  have  watched  the  motions  of  the  chest  in  the  living 
fowl,  and  observed  the  action  of  a  few  of  the  muscles  by 
vivisection.  Figs.  VI.  a,  b,  Plate  III.  represents  the  swan  ; 
in  Fig.  VI. the  chest  is  contracted  ;  in  Fig.  VI.  b,  expanded. 
I  could  not  distend  the  lung  owing  to  the  air-sacs  ;  but  I 
imitated  inspiration  exactly  by  drawing  the  sternum  further 
from  the  vertebrae.  It  will  be  seen  from  these  diagrams  that 
the  elevation  of  the  ribs  pushes  forward  the  lower  part  of 
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the  sternum  much  further  from  the  spine  than  the  upper. 
This  is  owing  to  the  lower  sternal  ribs  being  much  longer, 
and  having  therefore  a  much  greater  range  of  motion  than 
the  upper, 

23.  Inspiratory  Muscles  of  the  Spinal  Ribs.  Scalenus  (i), 
Levatores  Costariim  (2),  Exterrial  Intercostals  (j).  Plates 
11.  III. 

The  scalenus  (i)  is  prolonged  from  the  first  to  the  second 
rib  ;  it  corresponds  exactly  with  the  levatores  costarum  (2), 
which  muscles  both  elevate  the  ribs  and  expand  the  chest. 
The  inferior  levators  are  smaller  than  the  superior,  the  range 
of  their  action  being  more  limited. 

The  external  intercostals  (7)  are  throughout  shortened  in 
Fig.  VI.  b,  inspiration.  A  portion  of  the  muscle,  with  fibres 
almost  horizontal,  arises  from  the  spur,  and  shows  beautifully 
the  mode  in  which  the  muscle  acts  to  draw  the  upper  edge  of 
the  lower  rib  backwards,  in  relation  to  the  lower  edge  of  the 
upper  rib ;  in  Fig.  VI.  b,  inspiration,  the  great  shortening  of 
these  fibres  is  well  seen. 

24.  Inspiratory  Muscles  of  the  Sternal  Ribs ;  Stenio-costal 

(9  a) ;  Sternal  Intercostals  (9). 

The  superior  sternal  ribs  are  raised  by  the  sterno-costal 
muscle  (Fig.  VI.  9«),  which  corresponds  with  the  scalenus  ; 
it  arises  from  the  upper  part  of  the  sternum,  and  descends 
to  be  inserted  into  the  upper  edge  of  the  four  or  five  superior 
costal  ribs  ;  the  bellies  to  the  respective  ribs  lie  behind  each 
other  in  laminae :  this  muscle  is  much  shorter  in  Fig.  VI.  b, 
inspiration,  than  in  Fig.  VI.  a,  expiration,  as  is  another 
muscle  arising  from  the  coracoid  and  inserted  into  the  three 
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first  sternal  ribs.  The  fibres  of  the  sternal  intercostal  muscles 
(9)  are  much  shorter  in  Fig.  VI.  b,  inspiration,  than  in  Fig. 
VI.  rt,  expiration ;  they,  with  the  sterno-costal  muscle,  elevate 
the  sternal  ribs,  and  make  them  glide  on  each  other.  The 
combined  actions  of  the  scaleni,  the  levatores  costarum,  the 
sterno-costal  muscle,  the  external  intercostals,  and  the  sternal 
intercostals  raise  the  ribs,  and  push  the  sternum  forwards, 
the  vertebra;  slightly  backwards. 

25.  Inspiratory  Muscles  arising  from  the  Scapula.  Plate  II. 
Fig.  III.  a,  31,  32,  29. 

I  observed  the  three  scapular  muscles  (31,  32,  and  29)  to 
act  during  inspiration  ;  31  and  32  evidently  raise  the  ribs, 
acting  from  the  scapula  ;  29  acts  from  the  ribs  on  the  scapula 
to  elevate  it,  thus  lifting  it  away  from  the  expanding  chest. 

26.  Expiratory  Micscles ;  Internal  Oblique  (18) ;  External 
Oblique  (17);  Rectus  (16);  Transversalis  (20);  Internal 
Intercostals  (21  and  iC)  a,  Figs.  III.  VI.). 

The  antagonist  muscles  to  the  dilators  of  the  chest  are 
numerous.  The  internal  oblique  (18)  and  the  internal  inter- 
costal muscles  (21),  with  a  muscle  (30)  acting  from  the  pelvis, 
combine  to  draw  down  the  spinal  ribs,  and  to  cause  the  lower 
edges  of  the  upper  ribs  to  glide  backwards  on  the  upper 
edges  of  the  lower  ribs.  The  external  oblique  (17),  inserted 
into  the  spurs,  draws  the  spinal  ribs  downwards,  brings  them 
nearer  the  sternum,  and  increases  the  bend  of  the  sternal  on 
the  spinal  ribs.  The  rectus  (16)  pulls  the  sternum  with  the 
sternal  ribs  downwards  ;  the  transversalis  (20)  draws  them 
backwards.  In  the  fowl  the  upper  part  of  the  sternum  is 
drawn  nearer  the  spine,  and  the  three  superior  ribs  are 
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depressed  (the  third  rib  owing  to  its  peculiar  curve)  by  muscles 
(19  «)  stretching  from  the  sternum  to  the  ribs. 

27.  The  lungs  and  the  costal  walls  are  more  developed  in 
the  stormy  petrel  (Fig.  V.)  than  in  any  other  bird  I  have 
figured  ;  the  swan  (Fig.  VI.)  ranks  next  in  costal  develop- 
ment, then  the  hawk  (Fig.  IV.),  and,  lowest  of  all,  the  fowl 
(Fig.  III).  The  development  of  the  lungs  and  of  the  costal 
mechanism  evidently  depends  on  the  power  to  sustain  flight, 
to  swim,  to  dive,  or  to  act  energetically.  The  fowl,  which 
scarcely  flies,  requires  comparatively  little  lung ;  its  alimen- 
tary canal  is  protected  by  an  enormous  prolongation  down- 
wards of  the  sternum,  a  very  trifling  portion  of  which  serves 
for  the  costal  articulations. 


MAMMALIA  {not  ijtcliiding  Man),  Plate  IV.  Figs.  VII.  VIII. 
Plate  V.  Figs.  IX.  X.,  Plate  VI.  Figs.  XI,  XIII. 

28.  The  chest  is  expanded  in  the  mammalia,  as  in  birds, 
by  the  varying  position  of  the  ribs  ;  the  principle  on  which 
the  lungs  are  dilated  in  the  two  classes  is  the  same ;  but 
there  are  many  important  modifications. 

29.  The  lungs  in  birds  are  imbedded  in  the  spaces  between 
the  ribs ;  they  only  have  a  free  surface  invested  with  pleura 
anteriorly.  The  diaphragm  in  the  fowl  forms  with  this  free 
surface  of  the  lung  an  inclosed  cavity. 

In  mammalia  each  lung  is  inclosed  in  a  distinct  pleural  sac, 
the  whole  lung  being  free,  save  where  the  air-tubes  and  great 
vessels  are  attached.  This  cavity  is  completely  closed  above, 
protected  by  ribs,  muscles,  and  fasciae.  The  first  rib  is  more 
intimately  connected  than  any  other  with  the  sternum  ;  in  the 
majority  of  animals  it  either  directly  articulates  with  that 
bone,  or  is  united  to  it  by  a  short  firm  cartilage.    It  is  in  the 
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expansion  in  every  direction  of  the  upper  part  of  the  chest, 
and  the  great  range  of  descent  of  the  whole  diaphragm,  the 
progressive  lengthening  of  the  ribs,  the  arched  and  compara- 
tively mobile  spinal  column,  and  the  usually  small,  jointed 
sternum,  that  the  mechanism  of  breathing  in  the  mammalia 
chiefly  differs  from  that  in  birds  ;  for  in  birds  the  upper  part 
of  the  chest  is  not  closed  in,  the  diaphragm  has  but  a  limited 
range  of  motion,  the  spinal  ribs  are  nearly  of  a  length,  the 
spinal  column  is  stiff,  and  the  sternum  is  in  one  large  piece. 

30.  The  Costal  Cartilages  of  Mammalia  are  analogous  to  the 

Sternal  Ribs  of  Birds. 

In  the  porpoise  (Plate  IV.  Fig.  VII.)  a  series  of  bone- 
like stiff  costal  cartilages  articulate  by  distinct  joints  with 
the  sternum  and  the  six  superior  vertebral  ribs.  The  sheep, 
the  cow  (Plate  V.  Fig.  IX.),  and  the  pig  have  costal 
cartilages  that  articulate  by  joints  with  the  ribs  and  the 
sternum.  These  cartilages  are  every  way  analogous  to  the 
sternal  ribs  of  birds  ;  they  differ  merely  in  this,  they  are  made 
not  of  bone,  but  of  cartilage. 

31.  Dorsal  Arch  ;  the  Ribs  are  longest  at  the  centre  of  the 

arch,  and  gradually  shorten  above  and  below. 

In  all  animals  the  lower  part  of  the  sternum  is  more  distant 
from  the  vertebras  than  the  upper.  The  increase  in  length  of 
the  ribs  and  in  depth  of  the  chest  takes  place  gradually  from 
above  downwards.  The  first  rib  is  the  shortest,  the  rest  of 
the  ribs  increase  gradually  until  about  the  sixth  or  seventh, 
which  are  the  longest  and  are  usually  alike  in  length  to  each 
other  and  to  the  few  following  ribs ;  the  three  or  four  lower 
ribs  gradually  shorten,  the  lowest  of  them  being  the  shortest. 

VOL.  I.  c 
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The  dorsal  vertebrae  form  an  arch,  the  curves  of  which  corre- 
spond with  the  varying  length  of  the  ribs.  The  superior  curve 
of  the  dorsal  vertebra  coincides  with  the  gradual  lengthening, 
and  the  inferior  curve  with  the  gradual  shortening  of  the 
corresponding  ribs. 

32.  Ififluence  of  the  Dorsal  Curves  on  the  movements  of  the  Ribs. 
The  Upper  Ribs  approach  to,  the  lower  recede  from  one  anotJier. 

The  following  diagrams  (D  i,  D  2)  represent  in  an  exagge- 
rated mode  the  curves  in  the  dorsal  spine,  and  the  changes  in 
position  of  the  ribs  when  raised,  as  modified  by  the  varying 


S  1. Expiration. 


D  3.  Inspiration. 
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curve,  a,  b,  c,  denote  the  spinal  column  ;  d,  e,  /,  the  ribs 
represented  as  straight  rods  ;  when  the  superior  ribs  d,  arti- 
culating with  the  upper  obliquity  a,  are  raised  as  in  D  2, 
inspiration,  they  approach  each  other.  When  those  [e)  hing- 
ing on  the  vertical  portion  of  the  spine  are  raised,  they 
become  more  remote  ;  and  still  more  distant  do  those  (/) 
become  that  articulate  with  the  lower  obliquity. 

This  diagram  is  overdrawn,  and  does  not  take  into  account 
the  curved  form  of  the  ribs,  their  lateral  thrust,  the  extent 
to  which  their  vertebral  portions  are  drawn  backwards,  the 
deepening  of  the  dorsal  arch,  or  the  other  causes  that  modify 
the  results,  but  do  not  alter  the  principle  demonstrated  in 
the  above  figure. 

We  shall  find  this  principle  run  through  the  whole  of  the 
mammalia. 

33.  Examples  in  the  Ass,  the  Sheep,  the  Pig,  and  the  Dog. 

Plate  VI.  Fig.  XI.i 

In  the  ass,*  whose  costal  cartilages  are  unyielding  and 
firmly  united  to  the  rib,  the  six  superior  ribs,  which  gradually 
lengthen,  hinge  from  the  upper  curve  of  the  dorsal  arch  ; 
when  they  are  raised,  they  all  approach  nearer  to  each  other, 
the  lowest  of  them,  from  its  increased  length,  being  more 
raised  anteriorly  than  the  rest.  The  seventh  and  eighth  ribs 
are  linked  anteriorly  to  a  common  cartilage ;  their  vertebral 
articulations  occupy  the  hollow  of  the  arch  ;  when  they  are 
raised  they  retain  their  original  distance.    The  six  ribs  below 

'  Drawings  are  deposited  in  the  Archives  of  the  Royal  vSociety,  show- 
ing the  position  of  the  ribs  and  muscles,  when  the  lungs  are  flaccid 
(expiration),  and  when  they  are  distended  (inspiration),  in  the  ass  (Fig.  X. 
a,  <J),the  pig  (Fig.  VII.  a,  b),  the  sheep  (Fig.  VIII.  a,  b),  the  dog  (Fig.  XI. 
c,  d,  e,/).    (These  figures  will  be  referred  to  in  foot-notes). 

2  Fig.  X.  a,  b,  Archives  of  ihc  Royal  Society. 
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these  have  floating  cartilages,  hinge  with  the  lower  curve 
forward  of  the  vertebrae,  either  immediately  below  or  a  little 
in  front  of  each  other,  and  they,  when  raised,  become  further 
apart. 

In  the  pig  1  and  the  sheep,^  whose  short  and  firm  costal 
cartilages  articulate  by  joints  both  with  the  sternum  and  the 
ribs,  the  superior  six  (in  the  sheep  seven)  ribs  gradually 
lengthen  ;  they  hinge  on  the  superior  curve  of  the  dorsal  arch, 
and  when  raised  they  come  nearer  to  each  other ;  the  two 
next  ribs  have  united  cartilages,  and  are  neutral ;  while  the 
lower  ribs  during  inspiration  become  more  remote. 

In  the  dog,3  whose  costal  cartilages  are  long  and  flexible, 
permitting  free  thoracic  play,  during  inspiration  the  superior 
six  ribs  approach  each  other  ;  the  next  two  are  neutral  ;  and 
the  remainder  are  more  distant. 

Man  too  partakes  in  this  arrangement.  Plate  VII.  Figs. 
XIII.  a,  b,  XIV.  a,  b,  XV.  a,  b. 

34.  Three  Sets  of  Ribs.  The  Superio7',  or  thoracic ;  the  Inferior 
or  diopliragiuatic  ;  and  the  Intermediate. 

The  longest  ribs  which  hinge  on  the  hollow  of  the  dorsal 
arch,  and  which  neither  approach  to,  nor  recede  from,  each 
other  during  inspiration,  form  as  it  were  a  neutral  ground 
between  the  superior  ribs  that  approach  to,  and  the  inferior 
that  recede  from  each  other.  The  superior  ribs,  with  their 
costal  cartilages,  form  a  complete  circuit  with  the  vertebrae 
and  sternum  to  inclose  the  lungs  and  heart  ;  it  is  their 
motion,  increasing  the  area  within  them,  that  constitutes 
true  thoracic  inspiration  ;  these  form  the  thoracic  set  of  ribs. 
The  inferior  ribs,  each  tipped  with  a  floating  cartilage,  flank 

'  Figs.  VII.  a,  b,  Archives  of  the  Royal  Society. 

2  Fig.  VIII.  a,     ibid.  ^  Fig.  XL  a,  b,  c,  d,  ibid. 
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the  abdomen  on  each  side,  have  between  them  an  open  space 
in  front,  and  give  origin  to  the  diaphragm  ;  these  form  the 
diaphragmatic  set  of  ribs.  Their  action  is  in  aid  of  diaphragm- 
atic respiration,  their  office  being  to  enlarge  the  area  of  the 
chest  simultaneously  with  the  descent  of  the  diaphragm; 
without  which  descent  they  would  act,  not  on  the  lungs, 
which  unless  drawn  down  by  the  diaphragm  are  above  them, 
but  on  the  abdominal  viscera,  the  more  important  of  which 
it  is  their  duty  to  protect.  The  intermediate  set  of  ribs 
share  duties  with  each  of  these  sets,  forming  with  the  .superior 
set  thoracic,  with  the  inferior,  diaphragmatic  ribs, 

35.  Tlie  proportion  of  the  Thoracic  to  the  Diaphragmatic  Ribs 
depends  on  the  proportion  of  the  upper  lobes  of  the  lungs  to 
the  lozver. 

The  relative  proportion  that  the  sterno-vertebral  ribs,  or 
those  of  thoracic  respiration,  bear  to  those  of  diaphragmatic 
respiration,  depends  on  the  size  and  form  of  the  upper  lobes 
of  the  lungs,  compared  with  the  lower. 

In  the  ass,  the  upper  lobes  are  small  and  narrow,  the  lower 
are  large  and  full  at  their  posterior  part.  The  lungs  are  short 
in  front  at  the  sternum,  long  and  broad  behind  and  below. 
The  superior  (or  anterior)  part  of  the  chest  is  narrow,  the 
diaphragm  is  very  oblique,  the  diaphragmatic  ribs  are  numer- 
ous, and  their  expanding  movements  great. 

In  the  dog,  the  body  of  the  lungs  and  the  upper  lobes  are 
large  ;  they  are  nearly  as  long  in  front  as  behind.  The  base 
of  the  lung  is  horizontally  concave ;  the  diaphragm  is  drawn 
down  almost  as  far  in  front  as  it  is  behind ;  the  thoracic  ribs 
are  numerous  and  have  great  play,  at  once  deepening  and 
widening  the  chest  to  a  great  extent.  The  diaphragmatic 
ribs  are  few  in  number. 
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§§  36 — 54.  Animals  that  have  unyielding  Costal 
Cartilages— THE  Pig,  the  Calf  (Plate  V.  Fig.  IX.), 
THE  Sheep,  and  the  Ass. 
§§  36—43.  Costal  Mechanism. 

36 — 41.  Thoracic  set  of  Ribs. 
36.  In  the  pig^  the  straight  costal  cartilages  articulate 
by  movable  joints  with  the  sternum  and  the  sternal  ribs. 
The  seventh  and  eighth  costal  cartilages  are  linked  together. 
During  inspiration  the  six  superior  ribs  are  raised  and  drawn 
nearer  to  each  other  ;  the  articulation  with  the  cartilage  is 
drawn  slightly  forward,  and  that  with  the  vertebra  back- 
wards ;  the  sternum  is  pushed  forwards  by  the  cartilages 
riding  on  the  ribs.    The  superior  curve  of  the  dorsal  arch 
is  increased,  the  attachment  of  each  of  the  ribs  being  further 
back  in  relation  to  that  above  in  inspiration  than  in  expira- 
tion.   The  extent  to  which  the  sternum  and  vertebrae  are 
pushed  further  apart  is  inconsiderable  ;  this  is  due  to  the 
great  lateral  expansion. 

37.  The  elevation  of  the  Ribs  increases  the  depth  and  width 
of  the  Chest.    Diagrams  E^-  ^,  F  ^'    ^>  * 

The  Diagrams  and  E^  are  side  views,  F^  and  ¥^  views 
looking  as  it  were  down  into  the  chest,  and  F^  and  F*  are 
front  views  of  the  rib  of  a  pig.  E"^  shows  the  forward  and 
backward  thrust  on  inspiration,  or  increased  distance  between 
the  sternum  S  and  vertebrae  V,  and  F^'  *  show  the  lateral 
thrust.  The  sternum  S  and  vertebrae  V  not  admitting  of 
further  separation,  the  raised  costal  cartilage  acts  like  a  crank 
on  the  end  of  the  rib  jointed  to  it,  and  pushes  it  outwards. 
The  area  of  the  chest  between  the  opposite  ribs  is  thus  in- 
1  Fig.  VII.  (J,  l>,  Archives  of  the  Royal  Society. 
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creased,  and  the  elevation  of  the  rib  and  cartilage  is  extended 
in  two  directions,  one  direction  (E^)  to  increase  the  depth,  the 
other  {¥-)  the  width  of  the  chest. 

38.  In  the  pig,  as  we  have  seen,  the  elevation  of  the  rib 
and  cartilage  is  distributed  in  two  directions — one  direction 
forwards  and  backwards,  the  other  outwards.  The  outward 
or  lateral  thrust,  is  by  far  the  greatest.  There  is  in  the  calf 
considerable  forward  movement  of  the  sternum  in  addition  to 
the  lateral  expansion.  The  lower  costal  cartilages  are  longer 
than  the  upper,  consequently  the  lower  part  of  the  sternum 
is  thrust  further  forward  than  the  upper,  exactly  as  it  is  in 
birds,  and  for  the  same  reason  (§  22). 

In  the  sheep,  when  the  lungs  are  distended,  the  vertebraje 
are,  I  believe,  pushed  slightly  backv/ards,  but  nearly  the 
whole  of  the  force  is  expended  in  the  lateral  thrust;  the 
chest,  though  but  slightly  deepened,  is  much  widened. 

9.  Inspiratory  cJianges  in  the  position  of  the  Curves  and 
Snrfaccs  of  the  Ribs. 

The  space  between  the  ribs  is  further  increased  by  the 
change  in  profile  of  the  curves  of  the  ribs.  In  expiration  the 
upper  edge  (Diagram  E^)  and  the  inner  surface  of  the  rib 
(Diagram  F*)  are  each  slightly  curved.  In  inspiration  (Dia- 
gram E-),  when  the  rib  is  raised,  the  curve  of  the  inner 
surface  is  very  greatly  increased  at  the  expense  of  that  of 
the  upper  edge,  the  curve  of  which  entirely  disappears, 
giving  place  to  a  straight  line ;  the  form  of  the  rib  remains 
the  same,  but  its  profile  and  the  direction  of  its  surfaces  are 
changed. 
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40.  Lateral  Expansion  of  the  Chest  from  the  varying  profile 
of  the  Curves  of  the  Ribs  in  the  Ass. 

In  the  ass,  the  unyielding  cartilage  is  firmly  fixed  to  the 
rib  so  as  to  form  one  piece  with  it.  The  whole  of  the  lateral 
thrust  is  due  to  the  different  direction  of  the  costal  curves. 
Nearly  the  whole  of  the  respiratory  movements  go  to  increase 
the  width  of  the  chest.  The  sternal  end  of  each  cartilage  is 
a  little  raised,  and  the  vertebral  end  of  the  rib  is  slightly 
depressed  ;  the  sternum  moves  forwards  and  upwards  with  the 
cartilages  ;  the  spinal  column  backwards  and  downwards  with 
the  ribs  ;  the  increase  in  depth  is  very  slight. 

Diagrams  and  represent  side  views,  and  and  H- 
views  as  if  looking  downwards  into  the  chest,  of  the  rib  of  an 
ass,  as  in  expiration  G^  H^,  and  inspiration  G^  H'^.  The 
downward  curve  of  the  upper  edge  in  expiration,  G\  becomes 
in  G^,  inspiration,  a  slightly  upward  curve  ;  G^  presents  a 
flat  surface,  G^  a  thin  edge.  In  H^  expiration,  there  is  a 
slight  curve  on  the  inner  surface;  in  inspiration,  the  curve 
is  deepened ;  and  the  flat  surface  of  the  rib  is  presented  in- 
stead of  the  edge,  as  in  H^.  In  fact,  that  curve  that  looked 
upward  in  expiration  G^  looks  inward  in  inspiration  and 
the  lateral  surface  in  GS  expiration,  becomes  in  inspira- 
tion, the  superior  surface. 

41.   On  Inspiration.      The  obliqne  internal  surface  of  the 
Supei'ior  Ribs  is  more  nearly  horizontal.    Diagram  PP. 

In  the  pig,  the  sheep,  the  calf,  and  the  ass,  the  direction  of 
the  inner  surface  of  the  ribs  is  beautifully  adapted  to  the 
lungs.  The  lungs  gradually  narrow  from  their  body  upwards 
to  the  summit ;  the  interior  of  the  chest  forms  as  it  were  a 
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dome  at  its  upper  part,  to  contain  the  upper  lobes  ;  the  inner 
surface  of  the  rib,  which  on  expiration  is  nearly  vertical, 
becomes  on  inspiration  much  more  oblique.  The  dome  of 
the  chest  is  thus  increased. 


Section  of  the  three  superior  ribs  and  their  intercostal  muscles  (from  the  Ass). 

P.  Expiration.    I^.  Inspiration. 

I  r.  First  rib.    2  r.  Second  rib. 

e.  External  intercostal,    i.  Internal  intercostal. 


The  posterior  angles  of  the  free  or  diaphragmatic  set  of 
ribs,  whose  cartilages  are  floating,  are  drawn  considerably 
backwards.  They  thus  increase  the  area  between  the  op- 
posite ribs  in  the  manner  demonstrated  in  the  snake  (Dia- 
grams B  I,  2,  §9).  The  space  in  front  between  the  cartilages 
of  the  two  sides  is  widened.  The  upper  edge  of  each  of 
these  ribs,  except  the  two  or  three  lowest,  glides  backwards 
in  relation  to  the  lower  edge  of  the  rib  above  (§  6,  7).  The 
gliding  motion  that  would  result  from  the  elevation  of  the 
two  or  three  lower  ribs  (Diagram  A  i,  2)  is,  I  believe, 
quite  neutralized  by  the  greater  degree  to  which  the  rib 
immediately  above  each   of  them    is   drawn  backwards. 


Diagram:!  Expiration. 


Diagram  1?  Inspiration* 


42.  Diaphragmatic  Set  of  Ribs. 
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Corresponding  with  the  gliding  movement  of  rib  on  rib,  each 
cartilage  glides  downwards  and  backwards  on  that  above  it ; 
each  cartilage  forms  also  a  less  acute  angle  with  the  rib. 

43.  Intermediate  Set  of  Ribs. 

The  intermediate  or  neutral  set  of  ribs  (two  in  the  sheep 
and  pig,  three  in  the  ass),  whose  cartilages  united  to  each 
other  articulate  with  the  lower  end  of  the  sternum,  neither 
approach  to  nor  recede  from  each  other  during  inspiration. 
The  elevation  of  the  superior  rib  acts  to  raise  the  rest.  The 
bodies  of  the  ribs  move  outvv^ards,  their  posterior  portion 
backwards,  their  cartilages  slightly  forwards,  and  the  angle 
between  the  cartilages  of  the  two  sides  below  the  sternum 
is  enlarged.  These  intermediate  ribs  partake  of  the  motions 
both  of  the  ribs  of  thoracic  respiration  superior  to  them, 
and  of  the  diaphragmatic  ribs  inferior  to  them.  The  dis- 
tance between  the  lowest  of  the  intermediate  set  of  ribs  and 
the  highest  of  the  diaphragmatic  set  is  greatly  increased  on 
inspiration. 

In  the  ass,  the  lowest  costal  cartilages  articulating  with  the 
sternum  are  so  firm  that  they  form,  with  the  set  of  three 
intermediate  ribs,  one  unyielding  piece. 


§§  44—54.  Muscles  acting  on  the  Ribs. 

44.  The  actions  of  the  costal  muscles  are  entirely  subser- 
vient to  the  motions  of  the  ribs.  We  cannot  comprehend 
the  actions  of  the  muscles  unless  we  rightly  understand  the 
movements  of  the  ribs. 
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45.  In  Birds  and  in  Snakes  all  the  External  Intercostals  are 
Inspiratory,  and  all  tJie  Internal  Intercostals  are  Expiratory. 

la  birds,  still  more  so  in  the  snake,  the  ribs  are  similar 
throughout,  and  they  all  go  through  analogous  motions.  The 
snake  has  no  sternum  and  sternal  ribs ;  the  bird  has  no  set 
of  diaphragmatic  ribs  with  floating  cartilages  ;  all  its  lower 
vertebral  ribs  articulate  with  sternal  ribs.  All  the  external 
intercostals  are  inspiratory,  all  the  internal  expiratory 
(§§  6-8). 

46.  In  Mavintalia  the  Superior  Intercostals  have  the  opposite 
action  to  the  Inferior,  because  the  Sjiperior  and  Inferior 
Ribs  liave  opposite  motions. 

When  I  exposed  the  muscles  of  the  living  and  breathing 
ass,  I  was  surprised  to  find  that  while  the  superior  external 
intercostal  muscles  were  invariably  inspiratory,  the  inferior 
were  as  invariably  expiratory,  and  that  while  the  posterior 
fibres  of  the  same  muscle  were  inspiratory,  the  anterior  were 
expiratory.  These  were  the  facts  ;  I  could  not  gainsay  them. 
It  was  only  after  much  inquiry  that  they  became  intelligible, 
not  until  I  had  comprehended  the  varying  movements  of  the 
ribs  at  different  parts;  then  everything,  step  by  step,  became 
lucid. 

The  sole  duty  of  the  muscles  is  to  move  the  ribs.  It  is  not 
because  two  muscles,  between  two  distinct  pairs  of  ribs,  have 
the  same  direction  of  fibres  and  the  same  name,  that  they 
perform  the  same  functions  ;  it  is  because  the  two  sets  of 
ribs  go  through  the  same  motions  simultaneously.  If  one  set 
of  ribs,  the  superior,  approach  each  other,  while  the  other, 
the  inferior,  go  further  apart,  on  each  inspiration,  ought  we 
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not,  a  priori,  to  infer  that  the  two  sets  of  muscles  passing 
between  the  two  sets  of  ribs  will  have  different  functions  ? 
that  if  the  muscle  between  two  superior  ribs  that  approach 
each  other  be  inspiratory,  that  between  two  inferior  ribs 
that  recede  from  one  another  will  be  expiratory  ?  In  truth 
we  ought  to  infer  this,  for  the  fact  is  so.  In  fact,  it  is  not 
the  system  of  muscles,  but  the  system  of  ribs  that  we  must 
regard. 

47.  Scalenus. 

In  the  pig,  the  sheep,  and  the  calf,  in  addition  to  the 
scalenus  of  the  first  rib,  there  is  another  scalenus  that  acts 
on  a  few  of  the  superior  ribs  to  raise  them  on  their  outer 
surface.  The  ass  possesses  no  scalenus  save  that  of  the  first 
rib.  This  scalenus  scarcely  raises  the  first  rib  at  either  end, 
but  it  raises  the  rib  at  the  centre,  and  converts  the  upward 
into  an  inward  curve. 

48.  Intercostal  Muscles  of  the  Thoracic  Set  of  Ribs. 

By  comparing  the  views  of  the  sheep,  pig,  and  ass  ^  in  ex- 
piration with  those  of  the  same  animals  in  inspiration  (the 
lungs  distended),  we  shall  comprehend  at  a  glance  what 
muscles  are  shortened  on  inspiration,  what  on  expiration  ; 
where  the  muscles  are  shortest  in  a,  they  are  expiratory; 
where  they  are  shortest  in  b,  they  are  inspiratory. 

During  inspiration  in  the  sheep,^  the  first  six  external  inter- 
costals  are  shortened  throughout.  The  superior  ribs  approach 
each  other  more  than  the  inferior,  the  anterior  third  of  each 
rib  moves  forward,  the  posterior  two-thirds  are  drawn  back- 
wards, and  the  gliding  motion  of  rib  on  rib  is  greater  behind 

1  Fig.  VIII.  a,d,  VII.  a,  l>,  X.  a,  b,  Archives  of  the  Royal  Society. 
=  Fig.  VIII.  a,  b,  ibid. 
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than  before  ;  hence  the  superior  muscles  shorten  more  than 
the  inferior,  the  posterior  fibres  more  than  the  anterior.  The 
seventh  intercostal  space  widens  posteriorly;  its  muscle  is 
shortened  behind  but  lengthened  in  front,  especially  where 
it  is  inserted  into  the  cartilage,  which  it  bends  on  the  rib  in 
expiration. 

During  inspiration  in  the  ass,^  the  six  superior  external 
intercostal  muscles  shorten,  all  save  the  anterior  portion  of 
the  sixth,  and  the  portions  of  the  fourth  and  fifth  inserted 
into  the  fifth  and  sixth  costal  cartilages.  A  great  portion  of 
the  action  of  the  external  intercostals  is  spent  in  making  the 
oblique  inner  surface  of  the  rib  more  horizontal.  The  fibres 
draw  upwards  the  outer  part  of  the  rib,  while  the  inner  part 
is  stationary,  as  Diagram  I"^,  §41,  represents,  and  as  is  well 
seen  in  the  third  rib  of  the  ass.  The  gliding  motion  of  the 
anterior  portion  of  the  ribs  of  the  ass  is  slightly  reversed 
owing  to  each  rib  and  cartilage  forming  one  piece.  The 
anterior  half  of  the  five  superior  conjoined  ribs  and  cartilages 
moves  forwards  ;  the  posterior  half  of  those  ribs  backwards  ; 
the  whole  of  the  sixth,  and  to  a  great  extent  the  inferior 
ribs,  move  backwards,  though  less  in  front  than  behind.  The 
sixth,  seventh,  eighth,  and  ninth  cartilages  either  move  for- 
ward or  are  stationary. 

The  whole  of  that  portion  of  the  internal  intercostal  between 
the  cartilages  .shortens  on  inspiration,  that  part  of  the  muscle 
having  the  same  action  on  the  cartilages  that  the  external 
intercostal  has  on  the  ribs,  raising  and  approximating  them, 
and  making  them  glide  on  each  other.  The  fourth,  fifth,  and 
sixth  muscles  between  the  ribs  are  throughout  expiratory- 
During  inspiration,  the  first,  second,  and  third  ribs  come  so 
much  nearer  to  each  other  in  front  that  the  tendency  of  the 
fibres  to  make  the  lower  rib  glide  backwards  is  countcr- 
'  Fig.  X.  rr,     Archives  of  the  Royal  .Society. 
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balanced  :  about  four-fifths  of  the  first,  one-third  of  the  second, 
and  a  small  portion  of  the  third  internal  intercostal  muscles 
between  the  ribs  in  their  anterior  portions  are  inspiratory  ; 
here  the  outer  and  inner  layers  of  intercostals  act  at  the  same 
time  by  a  mutual  diagonal  pull. 

49.  Intercostal  Muscles  of  the  Diaphragmatic  and  Neutral 

Set  of  Ribs. 

The  anterior  fibres  of  the  exlernal  intercostal  muscles  be- 
tween the  diaphragmatic  set  of  ribs  are  lengthened,  and  the 
posterior  fibres  are  shortened,  during  inspiration ;  the  ribs 
move  further  apart,  and  are  all  drawn  backwards  through 
their  whole  extent,  though  more  posteriorly  than  anteriorly  ; 
the  two  or  three  lowest  ribs  do  not  glide  on  each  other.  The 
lower  external  intercostals  are  almost  entirely  expiratory,  as 
in  them  the  gliding  action  and  the  separation  of  the  ribs  in 
some  measure  counterbalance  each  other,  the  fibres  of  the 
muscle  being  either  expiratory  or  inspiratory,  as  the  one 
action  or  the  other  overbalances.  In  the  sheep, ^  the  three 
lowest  muscles  are  divided  into  two  portions,  the  anterior 
being  expiratory,  the  posterior  inspiratory. 

The  fibres  of  the  external  intercostals  between  the  floating 
cartilages  contract  during  inspiration,  causing  the  upper  edge 
of  one  cartilage  to  glide  backwards  on  the  lower  edge  of  that 
above  ;  we  have  thus  a  curious  distribution  of  opposite  func- 
tions in  the  same  muscle,  the  anterior  fibres,  those  between 
the  cartilages,  being  inspiratory,  the  middle,  between  the 
fore-part  of  the  ribs,  expiratory,  and  the  posterior,  inspiratory. 
The  whole  of  the  internal  intercostal  muscles  are  expiratory, 
both  those  fibres  inserted  into  the  cartilages  and  those  into 
the  ribs.  We  have  then  a  complete  transposition  of  func- 
1  Fig.  VIII.  Archives  of  the  Royal  Society. 


ON  THE  MECHANISM  OF  RKSl'iRATlON.  273 

tions  in  many  parts  of  these  muscles  ;  the  external  intcrcostals 
between  the  ribs  being  inspiratory  above,  expiratory  below, 
those  parts  between  the  cartilages  being  expiratory  above  and 
inspiratory  below. 

The  muscles  between  the  neutral  or  intermediate  set  of  ribs 
are  almost  neutral  in  action. 

50.  Levatorcs  Costaruin. 

The  whole  of  the  levatores  costarum  are  inspiratory ;  they 
draw  upwards  and  thrust  outwards  the  angle  of  the  rib, 
elevate  the  ribs  behind,  and  pull  backwards  the  posterior 
part  of  the  diaphragmatic  (Diagram  B,  §  9),  the  intermediate, 
and  a  portion  of  the  thoracic  sets  of  ribs.  They  assist  the 
external  intercostal  in  making  the  upper  edge  of  one  rib 
glide  backwards  on  the  rib  above  (§  6,  7),  and  in  so  thrusting 
backwards  the  vertebras  with  which  the  rib  articulates. 


§§  51—54.  Certain  Muscular  Actions  of  the  Ass 

OBSERVED  on  VIVISECTION. 

51.  In  the  Ass  the  Fibres  of  the  S erratics  Magmcs  are  Expi- 
ratory above,  Inspiratory  below,  NeiUi'al  in  the  centre. 

In  the  ass,  I  observed,  on  vivisection,  that  during  inspiration 
the  two  lower  fibres  of  the  serratus  magnus  were  shortened, 
acting  on  the  ribs  of  the  intermediate  set,  which  were  drawn 
backwards  in  their  whole  extent ;  the  origins  at  the  scapula 
of  the  two  lowest  fasciculi  of  the  serratus  magnus  are  above 
the  articulation  with  the  vertebrjE  of  the  two  ribs  on  which 
they  act.    The  sixth  fasciculus  of  the  serratus  to  the  sixth 

VOL.  I.  T 
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rib  was  neutral,  neither  expiratory  nor  inspiratory.  That  to 
the  fifth  shortened  very  slightly  on  expiration ;  all  the 
superior  fibres  acting  on  the  first,  second,  third,  and  fourth 
ribs  acted  very  decidedly  to  draw  down  those  ribs  on  expira- 
tion. The  articulations  of  these  ribs  with  the  vertebrae  are 
considerably  above  the  attachment  of  the  serratus  to  the 
scapula  ;  the  centre  of  action  of  the  serratus  being  con- 
siderably below  the  centre  of  motion  of  the  ribs  ;  the  fibres 
fixed  into  those  ribs  act  in  relation  to  the  ribs  from  below 
upwards  and  forwards  to  draw  them  downwards,  and  slightly 
backwards.  We  have  here  this  curious  fact,  that  the  superior 
fibres  of  the  same  muscle,  the  serratus  magnus,  are  expira- 
tory, v/hile  the  inferior  fibres  are  inspiratory.  The  action 
of  this  muscle  can  only  be  demonstrated  on  the  living 
body,  but  we  might  have  inferred,  d  priori,  on  knowing  the 
relative  direction  of  the  various  fasciculi  of  the  serratus  and 
of  the  ribs  into  which  they  are  respectively  inserted,  which 
fibres  are  expiratory  and  which  inspiratory. 

The  serratus  is  in  full  stretch  when  the  animal  stands,  and 
then  it  acts  from  the  ribs  on  the  base  of  the  scapula  :  if  all  its 
fibres  were  expiratory,  it  is  clear  that  when  the  scapular 
action  is  called  into  play,  as  the  expiratory  action  would  be 
constant,  inspiration  would  be  interfered  with.  If  all  were 
inspiratory,  the  expiratory  action  would  be  clogged.  As  it 
is,  the  central  fibres  which  support  the  scapula  are  neutral, 
the  superior  expiratory,  the  inferior  inspiratory,  and  by  this 
beautiful  adjustment  every  action  of  the  muscle  is  unem- 
barrassed. 


52.  Serratus  Posticus  Superior. 


The  whole  of  the  eight  fibres  of  the  superior  serratus 
posticus  I  found  to  act  during  inspiration. 
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53.   Scrratus  Posticus  Inferior,  Superior  Fibres  Expiratory, 

Inferior  Inspiratory. 

The  four  lower  fibres  of  the  serratus  posticus  inferior  acted 
during  inspiration  to  draw  backwards  the  four  inferior  ribs, 
the  two  superior  fibres  of  the  same  muscle  acted,  during 
expiration,  on  the  eleventh  and  twelfth  ribs  to  draw  them 
downwards,  while  the  fibres  acting  on  the  thirteenth  and 
fourteenth  ribs  appeared  to  be  neutral.  The  tendency  of  all 
the  fasciculi  of  the  inferior  serratus  would  be  from  their 
direction  to  draw  the  ribs  both  downwards  as  in  expiration, 
and  backwards  as  in  inspiration ;  the  proportion  in  which  the 
four  lower  ribs  are  drawn  backwards  overbalances  that  in 
which  they  are  drawn  downwards,  and  their  fibres  are  inspi- 
ratory ;  but  the  proportion  in  which  the  eleventh  and  twelfth 
ribs  are  drawn  downwards  overbalances  that  in  which  they 
are  drawn  backwards,  and  their  fibres  are  expiratory  ;  as 
the  downward  and  backward  motions  of  the  thirteenth  and 
fourteenth  ribs  balance  each  other,  the  fibres  acting  on  those 
ribs  are  neutral. 

54.  Expiratory  Mnseles. 

I  observed  the  following  muscles  to  act  during  expiration  : 
the  rectus  abdominis,  which  draws  down  the  sternum  slightly, 
and  the  fibres  inserted  into  the  first  rib  arising  from  the 
tendon  of  the  rectus  ;  the  external  oblique,  which  pulls 
downwards  and  forwards  the  diaphragmatic  ribs  and  a  portion 
of  the  superior  ribs  ;  tlic  inferior  oblique,  which  draws  down 
the  lower  ribs  and  their  costal  cartilages  ;  the  transversales, 
which  draw  nearer  to  each  other  the  diaphragmatic  ribs  of 
the  opposite  sides,  contracting  the  abdomen  ;  and  the  sacro- 
lumbalis. 
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§§  55 — 57-  Animals  with  Flexible  Cartilages— the 
Dog  (Plate  V.  Fig.  X.),  the  Seal  (Plate  IV.  Fig. 
VIIL),  the  Rabbit  (Plate  VI.  Fig.  XL),  the  Otter 
(Plate  VI.  Fig.  XII.),  and  the  Monkey. 

§§  55—57.  Costal  Mechanism. 

55.  The  Dog,  Seal,  Rabbit,  and  Monkey. — In  the  dog  and 
its  allied  species,  the  seal  and  the  otter,  and  in  the  rabbit  and 
the  monkey,  the  costal  cartilages  are  long,  slender,  and  flexibly- 
elastic  ;  they  are  firmly  fixed  to  the  ribs,  and  they  articulate 
with  the  sternum.  In  the  dog  and  the  rabbit  the  articulation 
with  the  sternum  is  by  a  horizontal  chisel-end  that  is  united 
to  it  by  a  ligament,  and  moves  freely  upwards  and  down- 
wards. In  the  seal  and  the  monkey  the  articulation  is  be- 
tween a  ball-and-socket  and  a  hinge-joint.  The  flexibility 
and  elasticity  of  the  cartilages  permit  them  to  bend  and 
spring  on  themselves  through  their  whole  length.  They  have, 
in  relation  to  the  ribs  and  the  sternum,  exactly  the  same 
function  and  the  same  principles  of  action  as  the  sternal  ribs 
of  birds,  and  the  straight  double-hinging  costal  cartilages  of 
the  sheep,  the  calf,  and  the  pig. 

56.  Tlie  Inspiratory  Elevation  of  the  Ribs  increases  the  depth 
and  width  of  the  Chest. 

Diagrams  K^-  ^  L^'  ^'  ^'  *,  represent  a  rib  in  expiration  ^  ^  and 
inspiration  2,  *.    K  K  are  side  views  ;  views  looking 

down  as  it  were  into  the  chest,  and  L'>  *  front  views.  In  in- 
spiration, Diagram  the  rib  and  the  costal  cartilage  are 
each  raised,  the  elevation  is,  as  in  the  pig  (Diagrams  EF,  §  37), 
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distributed  in  two  directions.  In  one  direction  (K^),  the 
vertebrae  are  thrust  backwards  by  the  rib,  and  the  sternum 
forwards  by  the  cartilage,  the  chest  being  deepened  ;  in  the 
other  direction  (L^  L*),  the  outer  portion  of  the  rib  and  car- 
tilage is  thrust  outward,  the  posterior  portion  of  the  rib  is 
drawn  backwards,  and  the  anterior  portion  of  the  cartilage 
thrust  forward.  The  greater  and  more  extensive  the  play  of 
breathing  the  longer  are  the  costal  cartilages,  as  we  see  in  the 
seal  (Fig.  VIII.),  and  to  a  less  degree  in  the  otter  (Fig. 
XII.).  Both  of  these  animals  require  very  great  play  of 
respiration  and  unusual  power  to  expel  and  renew  the  air  at 
each  respiration,  owing  to  their  diving  habits.  In  the  dog, 
the  otter,  the  rabbit  and  the  monkey,  the  first  costal  cartil- 
age is  stiff,  and  is  firmly  impacted  in  the  sternum  ;  in  the 
seal,  the  first  rib  is  long  and  flexible,  and  hinges  movably 
on  the  sternum.  During  inspiration  in  the  dog,^  all  the 
ribs  are  drawn  backwards,  the  superior  ribs  to  a  less  extent 
than  the  inferior  :  the  first,  second,  and  third  ribs  are  station- 
ary at  the  anterior  extremity,  but  all  the  rest  move  back- 
wards through  their  whole  extent,  though  more  posteriorly 
than  anteriorly. 


57.  The  Tliovack  and  Diaphragmatic  Sets  of  Ribs} 

The  upper  edge  of  each  rib  glides  backwards  in  relation  to 
the  lower  edge  of  that  above,  and  at  the  same  time  the  upper 
edges  of  those  costal  cartilages  that  hinge  on  the  sternum 
have  a  revei'se  direction,  and  glide  forwards  and  inwards  in 
relation  to  the  lower  edges  of  the  respective  cartilages  above. 
The  superior  ten  cartilages  articulate  movably  with  the 
sternum,  the  tenth  imperfectly.  The  ten  superior  ribs  act 
'  Fig.  XI.  r,     e,f,  Archives  of  the  Royal  Society. 
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as  ribs  of  thoracic  expansion  ;  as  the  diaphragm  ascends 
behind  the  sternum  some  distance  into  the  chest,  the  three 
lowest  of  them  act  with  the  eleventh,  twelfth,  and  thirteenth 
or  diaphragmatic  set  of  ribs,  to  expand  the  chest  when  the 
diaphragm  descends  (see  §§34,  35). 

The  floating  cartilages  of  the  three  lowest  ribs  glide  in  the 
same  direction  as  the  ribs  on  which  they  ride ;  the  upper  edge 
of  each  cartilage  sliding  backwards  in  relation  to  the  lower 
edge  of  the  cartilage  above.  The  six  superior  ribs  approach 
each  other,  especially  anteriorly;  the  seventh,  eighth,  and 
ninth  are  about  neutral ;  all  the  lower  ribs  recede  from  each 
other. 


58—69.  Muscles  acting  on  the  Ribs. 

58.  TJic  Scaleni  of  the  Superior  Five  or  Six  Ribs  are  much 

Developed. 

The  scaleni  arc  very  greatly  developed  in  all  those  animals 
with  flexible  cartilages.  The  scaleni  of  the  first  rib  arc  very 
insignificant  in  the  seal  and  otter,  whose  cervical  vertebra; 
are  very  movable  ;  while  they  are  well-developed  in  the  rabbit 
and  the  monkey,  whose  necks  are  less  movable. 

These  animals  all  have  long  and  powerful  scaleni  that  pass 
over  the  first  two  ribs  and  are  inserted  into  the  ribs  below 
them  near  their  costal  cartilages  ;  in  the  dog  their  insertion 
extends  to  the  eighth  ;  in  the  otter  and  monkey  to  the  sixth  ; 
and  in  the  seal  and  rabbit  to  the  fifth  ribs.  The  scaleni  act 
during  the  whole  time  of  inspiration  to  pull  upwards  the  ribs 
into  which  they  are  inserted. 
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59.  Sterno-mastoid,  &c. 

The  sterno-mastoid,  sterno-hyoid,  and  thyroid  muscles, 
when  they  act  from  above,  raise  the  sternum ;  when  the 
sterno-hyoid  and  thyroid  so  act,  their  origins  are  fixed  by  the 
•genio-  and  stylo-hyoid,  and  the  hyo-thyroid. 

60.  External  Intercostal  Muscles. 

The  actions  of  the  external  and  internal  intercostals  are  in 
principle  the  same  as  those  of  the  ass  and  sheep,  varying  as 
the  ribs'  movements  vary.    (See  §§  46,  48,  49). 

The  first  seven  external  intercostal  muscles,  where  they 
pass  from  rib  to  rib,  are  inspiratory  ;  the  eighth  (perhaps  the 
ninth)  arc  neutral  anteriorly,  and  are  inspiratory  posteriorly. 

The  fibres  from  the  third,  fourth,  and  fifth  ribs  inserted 
into  the  costal  cartilages  are  neutral,  but  those  inserted  into 
the  seventh,  eighth,  ninth,  and  tenth  cartilages,  which  in  the 
latter  pass  from  cartilage  to  cartilage,  are  all  strongly  expira- 
tory ;  they  bend  the  cartilage  on  the  rib,  and  cause  the  upper 
edge  of  the  lower  cartilage  to  glide  forwards  in  relation  to  the 
lower  edge  of  the  upper  ;  movements  the  reverse  of  inspira- 
tory. The  three  lowest  external  intercostals  are  inspiratory 
posteriorly,  expiratory  in  the  middle,  where  they  act  on  the 
anterior  portion  of  the  ribs,  and  inspiratory  anteriorly,  where 
they  pass  from  cartilage  to  cartilage ;  the  anterior  fibres  cause 
the  cartilage  they  are  inserted  into  to  slide  downwards,  out- 
wards, and  backwards  in  relation  to  the  cartilage  from  which 
they  rise. 
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6i.  Internal  Intercostal  Muscles. 

The  first  internal  intercostal  between  the  ribs  is  inspiratory 
on  its  anterior  four-fifths,  the  second  and  third  in  their  an- 
terior half  and  third  ;  posteriorly  they  are  expiratory  ;  all  the 
lower  muscles  between  the  ribs  are  expiratory;  the  expiratory 
action  being  less  extensive  in  the  superior  than  the  inferior 
ribs,  and  in  their  anterior  than  their  posterior  portion.  The 
fibres  inserted  into  the  ten  superior  cartilages  are  inspiratory, 
having  the  same  relation  to  these  cartilages  that  the  external 
intercostals  have  to  the  ribs  they  are  fixed  to. 

The  internal  intercostals  between  the  three  (.'*)  lowest  car- 
tilages are  expiratory. 

62.  Elevator  of  the  first  Costal  Cartilage  in  the  Seal, 
Plate  IV.  Fig.  VIII.  10 

In  the  seal,  whose  flexible  first  costal  cartilage  hinges  on 
the  sternum,  a  muscle  arises  from  the  sternum  and  is  inserted 
into  the  first  cartilage  that  is  analogous  with  the  internal 
intercostal  fibres  between  the  cartilages,  and  which,  like  them, 
is  inspiratory. 

63.  Serratus  Magnus,  Expiratory  above.  Inspiratory  below. 

I  observed  in  the  dog,  as  in  the  ass,  the  superior  fibres  of 
the  serratus  magnus  to  be  expiratory,  the  inferior  inspiratory, 
and  those  fibres  in  the  centre  neutral,  §  51. 

64.  In  tlte  Dog:  Serrati  Postici,  Superior  fibres  Inspiratory, 

Inferior  Expiratory. 

The  serratus  posticus  superior  (Fig.  X.  10)  was  throughout 
inspiratory.    The  serratus  posticus  inferior  (Fig.  X.  11)  was 
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expiratory,  its  depressing  action  on  the  ribs  overbalancing 
any  action  it  might  have  to  draw  them  backwards.  The 
seal  (Fig.  VIII.)  has  a  middle  serratus  posticus.    (See  §  53.) 

65.  In  the  Rabbit,  both  Serrati  Postici  are  Inspiratory. 

In  the  rabbit  (Fig.  XI.)  I  observed  that  both  serrati  postici 
were  throughout  inspiratory;  indeed  their  fibres  are  so 
amalgamated  that  they  form  one  muscle.  The  diaphragm- 
atic ribs  of  the  rabbit,  which  are  far  apart,  are  drawn  far 
backwards  on  inspiration  by  the  combined  influence  of  the 
serratus  posticus  and  the  levatores  costarum. 

66.  Expiratory  Muscles. 

I  observed  that  the  rectus  abdominis,  the  external  ob- 
lique, the  transversalis,  and  the  sacro-lumbalis,  all  acted  on 
expiration. 

67.   Varieties  in  the  Rectus,  External  Oblique,  and  Depressor 

of  first  Rib. 

The  rectus  (16)  is  inserted  in  the  otter  (Fig.  XII.),  fleshy 
into  the  first  rib  ;  in  the  dog  (Fig.  X.)  and  monkey  it  is 
inserted  into  the  sternum,  its  whole  length,  by  a  tendinous 
aponeurosis,  from  which  arises  a  fleshy  depressor  of  the  first 
rib  (16  a).  In  the  rabbit  (Fig,  XT.  16  a)  this  depressor 
arises  from  the  sternum  and  passes  in  front  of  the  rectus ; 
it  does  the  same  in  the  seal  (Fig.  VIII.  15),  but  in  this 
animal  it  forms  the  first  fibre  of  the  external  oblique  (i/), 
which  combines  with  fibres  to  the  first  (15),  second  (15  a) 
and  third  (15  b)  costal  cartilages,  to  form  one  vast  external 
oblique  inserted  into  all  the  ribs. 
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68.  The  Triangulares  Sterni  and  the  Transversales  combine 
to  form  one  large  Mnscle. 

The  triangulares  sterni  (19)  form  in  the  dog^  the  seal,- 
and  the  otter  ^  one  continuous  web  with  the  transversales 
(20) ;  in  fact  the  triangulares  sterni  combine  with  the  trans- 
versales to  form  one  extensive  muscular  web,  the  vast 
constrictor  of  the  chest  and  abdomen  that  arises  from  the 
posterior  surface  of  the  sternum,  from  the  xiphoid  cartilage 
and  from  the  linea  alba,  and  is  inserted  successively  into  the 
anterior  extremities  of  all  the  ribs  from  the  second  to  the 
lowest,  which  ribs  it  draws  dQwnwards  and  inwards  during 
expiration  to  constrict  the  chest  and  abdomen. 

69.  The  Seal ;  great  Respiratory  Apparatus. 

The  seal  (Fig.  VIII.),  of  all  the  animals  we  have  yet  con- 
sidered, has  by  far  the  most  capacious  chest;  compare  its 
large  breathing  apparatus  and  small  abdomen  with  the  small 
chest  and  enormous  paunch  of  the  rabbit  (Fig.  XL).  The 
chest  of  the  seal  admits  of  very  great  expansion  and  contrac- 
tion. Its  slender  ribs  and  very  long  flexible  costal  cartilages, 
its  peculiarly  deep  dorsal  arch,  the  great  size  of  its  levatores 
costarum,  and  the  development  of  its  intercostals,  its  external 
obi  iquc,  transversales  and  sterno-costals,  all  combine  to  give 
it  very  great  power  both  of  expiration  and  inspiration.  The 
respiratory  development  is  entirely  thoracic,  the  scalcni 
having  less  action  from  the  neck  in  this  than  in  any  animal 
we  have  yet  examined. 


>  Fig.  XI.     Archives  of  the  Royal  Society.  Fig.  VIII.  ibid. 

^  Fig.  XIII.  ibid. 
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Porpoise,  Plate  IV.  Fig.  VII.  §§  70—77. 

70.  The  Porpoise  lias  a  large  portion  of  L^mg  in  the  Neck. 

The  porpoise,  to  which  we  now  turn,  has  a  development  of 
respiratory  power  far  greater  even  than  the  seal.  In  addition 
to  the  usual  thoracic  and  diaphragmatic  space  for  breathing, 
this  animal  has  a  large  portion  of  lung  occupying  the  neck  ; 
in  this  it  contrasts  remarkably  with  the  seal. 

The  whole  build  of  the  porpoise  corresponds  with  this 
great  cervical  respiration.  Its  cervical  vertebrae  are  all 
amalgamated  to  form  one  bone,  on  which  the  head  has  but 
little  motion.  The  first  and  the  succeeding  five  ribs  articulate 
with  long,  slender,  almost  bony  costal  cartilages  or  sternal 
ribs,  having  movable  joints  at  each  extremity.  The  sternum 
is  broad  and  hollow  within.  The  diaphragmatic  ribs  are 
six  in  number ;  of  these  the  superior  only  has  a  costal 
cartilage. 

The  first  rib  has,  owing  to  its  long  double-jointed  costal 
cartilage,  very  great  play  in  respiration. 

71.  A  peculiar  Scalenus  {\  a);  t/ie  Sterno-hyoid  and  Sterno- 
thyroid, zuhile  they  act  071  tJie  First  Rib  and  Sternum,  also 
expand  the  Lung  in  the  Neck. 

The  lungs  rise  up  into  the  neck  almost  as  high  as  the  base 
of  the  skull ;  they  are  almost  surrounded  by  muscles,  having 
in  front  very  powerful  sterno-liyoid  (13)  and  sterno-thyroid 
(14)  muscles,  and  to  the  side,  and  behind,  a  large  and  very 
peculiar  scalenus  (i  d).  This  scalenus  is  like  the  half  of  a 
funnel  or  hollow  cone ;  it  arises  tendinous  from  the  base  of 
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the  skull,  descends,  and  soon  forms  a  hollow  fleshy  web  that 
increases  as  it  descends,  half  embraces  the  large  portion  of 
lung  in  the  neck,  and  is  inserted  into  the  whole  circuit  of  the 
first  rib,  and  the  costal  half  of  the  first  costal  cartilage- 
There  is  yet  another  scalenus  to  the  outside  of  this,  which  is 
much  shorter  and  smaller,  arises  from  the  vertebral  trans- 
verse process,  and  descends  obliquely  forwards  to  the  first 
rib. 

The  sterno-hyoid,  sterno-thyroid,  and  large  scaleni,  all  join 
to  complete  a  circuit  embracing  the  lungs  behind,  in  front, 
and  on  each  side,  the  vertebrae  being,  of  course,  behind,  the 
larynx  and  pharynx  between  the  lungs.  When  these  muscles 
all  act  together  in  inspiration,  they  raise  the  sternum,  the  first 
ribs,  and  their  costal  cartilages.  The  sternum  moves  forward, 
the  first  ribs  and  cartilages  move  sideways,  and  the  whole 
circuit  is  increased,  the  brim  of  the  chest  being  at  once 
widened  and  deepened.  As  the  sternum  and  costal  cartil- 
ages move  forwards  and  outwards,  they  carry  forward  with 
them  the  sterno-hyoid  and  thyroid  muscles  ;  and  as  the  first 
ribs  move  outwards  and  backwards  they  carry  the  scaleni 
outwards  and  backwards,  so  that  the  same  muscles  that  raise 
the  sternum,  first  costal  cartilages  and  first  ribs,  and  increase 
the  circuit  they  embrace,  are  in  turn  pushed  forwards,  out- 
wards and  backwards,  by  the  parts  they  raise,  and  the 
space  for  the  lungs  in  the  neck  that  they  encircle  is  every- 
where increased. 


72.  TJie  Scaleni  do  not  move  the  VertebrcB  laterally,  though  they 
drazu  them  forwards  and  downwards  m  Inspiration. 

In  the  porpoise  we  have  found  that  the  scalenus  is  enor- 
mously developed  although  the  cervical  vertebrae  are  quite 
destitute  of  motion  ;  in  the  seal,  whose  neck  is  remarkably 
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flexible,  the  scaleni  are  quite  insignificant  (§  58).  It  is 
very  evident  tliat  the  scaleni  do  not  act  to  draw  the  vcrtebraj 
to  either  side  ;  how  can  they  in  the  porpoise  ?  and  in  the 
seal,  whose  neck  is  so  bending,  why  are  they  not  unusually 
developed  ?  it  is  because  they  do  not  act  on  the  vertebrae 
laterally,  and  because  the  mobility  of  the  vertebrae  would 
interfere  with  their  action  on  the  ribs. 

We  find  all  through  that  the  scaleni  are  small  in  those 
animals  whose  necks  are  mobile,  and  large  in  those  that  have 
inflexible  necks.  Though  the  scaleni  do  not  move  the  verte- 
brae sideways,  they  do  draw  them  downwards  and  forwards, 
at  the  same  time  that  they  raise  the  first  ribs.  The  two  fixed 
points  in  fact  approach  each  other. 

73.  The  covihined  Triangulares  Sterni  and  Transversales  form 
one  vast  Constrictor  of  Neck,  Chest,  and  Abdomen,  zuhich 
rises  into  the  Neck. 

The  development  of  the  scalenus,  sterno-hyoid  and  thyroid, 
to  cause  the  expansion  of  the  lungs  in  the  neck,  is  counter- 
balanced during  expiration  by  the  development  in  a  remark- 
able manner  of  the  sterno-costal,  or  triangulares  sterni 
muscles  (see  §  68).^  In  the  porpoise,  the  upper  portion  of 
these  muscles,  that  in  all  other  animals  rises  only  to  the 
second  rib,  ascends  quite  into  the  neck,  embraces  the  lower 
half  of  the  cervical  portion  of  lung,  and  is  inserted  into 
the  whole  circuit  of  the  first  rib.  In  the  porpoise,  as  in 
the  animals  we  formerly  examined  (§  68),  the  sterno-costal 
muscles  unite  with  the  transversales  ;  and  they  unite  to  form 
an  enormous  muscle,  one  vast  constrictor  of  the  neck,  chest, 
and  abdomen.  This  combined  muscle  arises  from  the 
sternum  and  linea  alba,  and  is  inserted  into  all  the  ribs. 
^  Fig.  XVI.  c,  Archives  of  the  Royal  Society. 
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With  the  aid  of  the  other  expiratory  muscles,  it  constricts 
the  neck,  chest,  and  abdomen,  and  thrusts,  through  the 
intermedium  of  the  abdominal  viscera,  the  large  and  bulging 
diaphragm  almost  quite  up  into  the  neck. 

74.  Special  Inspiratory  Muscles  in  the  Porpoise,  Plate  IV. 

Fig.  VII.  27,  8,  8. 

There  is  no  scalenus  to  any  rib  save  the  first  ;  a  muscle 
(27)  passes  from  the  cervical  transverse  process  to  three  or 
four  of  the  superior  ribs  that  must  act  to  raise  them  ;  and 
muscular  fibres  (8,  8)  pass  from  the  first  rib  just  below  the 
insertion  of  the  scalenus,  and  from  the  second  rib  to  be 
inserted  into  the  third,  fourth,  and  fifth  ribs ;  these  muscles 
are  probably  also  respiratory. 

75.  The  Serrati  Postici  are  Amalgamated,  Fig.  VII.  10,  11. 

The  serrati  postici  are,  in  the  porpoise,  amalgamated  to 
form  one  muscle,  or  at  least  one  tendinous  web  ;  the  fibres 
to  the  lower  edge  of  the  sixth  rib  mingle  with  those  to  the 
upper  edge  of  the  seventh  ;  the  two  fasciculi  above  arc 
inserted  into  the  upper  edges  of  the  ribs  ;  those  below  into 
the  lower  edges. 

76.  Internal  Oblique. 

The  internal  oblique  passes  from  rib  edge  to  rib  edge  to  be 
inserted  into  the  anterior  ends  of  the  seven  lower  ribs. 

The  great  caudal  muscle  is  attached  to  the  five  lowest 
ribs. 
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77.  Pozver  of  the  Porpoise  to  remain  long  tinder  water 

accounted  for. 

The  true  source  of  the  power  enjoyed  by  the  porpoise  to 
remain  so  long  under  water  is,  I  conceive,  its  capability  of 
renewing  almost  the  whole  volume  of  air  that  is  contained  in 
the  lungs  at  each  inspiration,  as  the  complete  preceding 
expiration  leaves  scarcely  any  adulterated  air  in  the  lungs. 

The  animal  may  descend  under  water  with  a  far  purer  and 
far  larger  stock  of  air  than  land  animals  can,  by  any  effort, 
obtain ;  of  course  when  the  animal  dives  very  deep  the 
quantity  of  air  in  the  chest  cannot  be  great. 

MAN,  §§  78-100.    Plate  VII.  Figs.  XIII.  a,  b  ;  XIV.  a,  b; 

XV.  a,  b. 

78.  All  the  creatures  we  have  hitherto  examined  are  in 
some  measure  illustrative  of  the  mechanism  of  respiration 
in  Man.  In  some  point  or  other  he  partakes  in  structure 
with  each  of  them. 

His  three  lowest,  the  floating  ribs,  resemble  the  simple 
vertebral  ribs  of  the  snake.  His  sternum  and  costal  cartilages 
are  analogous  to  the  sternum  and  spinal  ribs  of  birds.  In 
the  possession  of  an  intermediate  set  of  three  ribs,  the  sixth, 
seventh  and  eighth,  whose  cartilages  are  all  linked  together, 
and  which  partake  of  the  functions  of  the  thoracic  set  of  five 
ribs  above,  and  diaphragmatic  set  of  four  ribs  below,  he  re- 
sembles the  calf,  the  ass,  the  sheep  and  the  pig.  He  has 
flexible  and  elastic  costal  cartilages  fixed  to  the  rib  and 
hinging  on  the  sternum,  in  common  with  the  seal,  the  dog, 
and  the  rabbit.    He  has  a  large  portion  of  lung  in  the  neck. 
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like  the  porpoise,  subject  to  cervical  respiration,  and  he 
possesses  a  clavicle  and  flat  superior  sternal  bone,  and  other 
points  that  ally  him  with  the  monkey.  Having  broken 
ground  by  examining  the  machinery  of  breathing  in  these 
creatures,  we  shall  find  little  difficulty  in  investigating  that 
machinery  in  man. 

The  various  drawings  (Figs.  XIII.  a,  b;  XIV.  a,  b  ;  XV.  a, 
b} )  are  from  the  human  subject.  They  are  in  pairs,  and  re- 
present the  same  subject,  and  the  same  view  before  and  after 
the  lungs  were  distended. 

The  chest  in  man  is  a  cavity  of  ever- varying  capacity,  whose 
walls  can  be  enlarged  everywhere  simultaneously.  The  domed 
roof  rises,  the  floor  descends,  and  the  diameter  between  the 
walls  is  increased  in  every  direction. 


79.  Dorsal  Arch  ;  the  Longest  Ribs  are  at  the  Centre  of  the 
Arch.  Thoracic,  Diaphragmatic,  and  Itttermediate  Sets  of 
Ribs.    Plate  VII.  Figs.  XIV.  a,  b. 

In  man,  as  in  all  other  mammalia  (see  §  31),  the  lower  part 
of  the  sternum  is  more  distant  from  the  spinal  column  than 
the  upper  ;  a  gradual  increase  in  the  length  of  the  ribs  and 
the  depth  of  the  chest  takes  place  from  above  downwards. 
The  first  rib  is  the  shortest ;  the  ribs  progressively  lengthen 
to  the  sixth ;  to  it  the  seventh  and  eighth,  which  are  the 
longest,  are  about  equal  ;  and  the  four  lowest  ribs  gradually 
shorten,  the  lowest  being  the  shortest. 

Man,  in  common  with  the  other  mammalia,  has  a  dorsal 
arch  (see  Diagram  D  i  and  D  2,  §  32),  the  curves  of  which 
correspond  with  the  varying  lengths  of  the  ribs.  The  upper 
curve  looks  forwards  and  downwards,  and  coincides  with  the 

1  Figs.  XIX.  a,  b;  XXI.  a,  b;  XXII.  a,  bj  XXIII.  a,  bj  XXIV.  XXV. 
in  the  Archives  of  the  Royal  Society. 
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gradual  lengthening  of  the  five  superior  ribs  which  are  con- 
nected with  the  sternum  by  distinct  cartilages,  and  which 
encompass  and  expand  the  upper  portion  and  body  of  the 
lungs,  and  are  the  ribs  of  thoracic  inspiration  (see  §  34).  The 
lower  curve  looks  forwards  and  upwards,  and  is  adapted  to 
the  progressive  shortening  of  the  four  lower  ribs  which  are 
tipped  with  floating  cartilages,  and  which  enlarge  the  lower 
portion  of  the  chest  simultaneously  with  the  descent  of  the 
diaphragm,  and  form  the  diaphragmatic  set  of  ribs  (see  §§  34, 
35).  To  the  hollow  of  the  arch,  at  its  centre,  are  fitted  the 
three  longest  ribs,  the  intermediate  set,  or  sixth,  seventh,  and 
eighth,  that  take  part  with  the  five  superior  ribs  in  thoracic, 
and  the  four  inferior  in  diaphragmatic  respiration.  The  car- 
tilages of  these  thi-ee  ribs  are  linked  together,  so  that  when 
the  superior  cartilage  is  raised,  the  rest  necessarily  follow. 

80.  Changes  in  the  Situation  of  the  Ribs  on  Inspiration.  Plate 
VII.  Figs.  XIII.  a,  b;  XIV.  a,  b;  XV.  a,  b. 

During  inspiration  the  ribs  approach  to  or  recede  from  each 
other  according  to  the  part  of  the  arch  with  which  they  articu- 
late; the  four  superior  ribs  approach  each  other  anteriorly, 
and  recede  from  each  other  posteriorly ;  the  fourth  and  fifth 
ribs,  and  the  intermediate  set  move  further  apart  to  a 
moderate,  the  diaphragmatic  set  to  a  great  extent.  The 
upper  edge  of  each  of  these  ribs  glides  towards  the  vertebrae 
in  relation  to  the  lower  edge  of  the  rib  above  (§§  6,  7),  with 
the  exception  of  the  lowest  rib,  which  is  stationary. 

The  breadth  of  the  chest  is  considerably  greater  in  pro- 
portion to  its  depth,  and  the  mass  of  the  upper  portion  of 
the  lungs  is  greater  relatively  to  the  lower  portion  in  man 
than  in  the  other  mammalia.    The  ribs  descend  first  out- 
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wards  and  backwards,  then  outwards  and  forwards,  and 
finally  forwards  and  inwards. 

During  inspiration  all  the  ribs  are  raised  except  the  lowest 
of  them;  the  diaphragmatic  set  (see  Diagram  M  2  Fig.  XV.  b), 
are  not  raised  so  much  as  the  thoracic  or  the  intermediate 
sets.  All  the  ribs  are  further  apart  from  each  other  pos- 
teriorly in  M  2,  Fig.  XV.  b,  inspiration,  than  in  M  i,  Fig.  XV. 
a,  expiration. 

Diagram  M. 
I.  Expiration.      Dorsal  view.       2.  Irspiration. 


Anteriorly  on  inspiration  (Diagram  N  2,  Fig.  XIII.  b),  the 
costal  cartilages,  which  articulate  by  movable  joints  with  the 
sternum,  are  raised  with  the  ribs ;  the  upper  edge  of  each 
cartilage  glides  towards  the  sternum  in  relation  to  the  lower 
edge  of  that  above  it.  The  second  cartilage  approaches  the 
first  rib,  while  the  other  cartilages  become  more  remote  from 
each  other,  and  the  angles  formed  by  the  ribs  with  the 

u  2 
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cartilages  become  more  open.  The  breadth  of  the  chest  is 
much  increased  by  the  above  movements.  The  cartilages  of 
the  intermediate  and  diaphragmatic  sets  of  ribs  of  the  oppo- 
site sides  are  drawn  much  further  apart,  and  the  distance 
between  them  in  front  is  much  increased.  The  angle  between 
the  opposite  conjoint  cartilages  of  the  sixth  and  seventh 
ribs  below  the  sternum  is  enlarged.  (See  Diagram  N  i,  2, 
and  Fig.  XII.  b,  inspiration,  contrasted  with  Fig.  XII.  a, 
expiration.) 

Diagram  N. 

2.  Inspiration.  Sternal  ^'ie^v,  i.  Expiration. 


On  inspiration  (see  O  2,  Fig.  XIV.  b)  the  anterior  extremi- 
ties of  the  ribs  ascend  and  move  forwards,  and  carry  forwards 
and  upwards  the  cartilages  and  the  sternum.  The  posterior 
angles  and  extremities  of  the  ribs  move  backwards  and  down- 
wards and  push  backwards,  and  lower  the  spinal  column.  As 
the  longer  intermediate  ribs  occupying  the  hollow  of  the  arch 
move  backwards,  from  their  greater  length,  more  than  the 
other  ribs,  their  immediate  action  is  to  deepen,  and  consequently 
shorten  the  dorsal  arch.  All  those  portions  of  the  ribs  in  front 
of  a  line  O  i,  2,  drawn  from  the  insertion  of  the  scalenus  to 


ON  THE  MECHANISM  OF  RESPIRATION. 


293 


the  junction  of  the  eleventh  rib  with  its  cartilage  move  for- 
wards and  ascend  ;  all  behind  that  line  move  backwards. 
This  observation  can  be  readily  tested  ;  place  the  thumb 
firmly  on  any  part  of  the  chest  and  breathe  deeply ;  if  in 
front  of  the  line  indicated,  the  thumb  will  be  carried 
forwards  ;  if  behind  the  line,  backwards. 


Diagrams. 
O. 

I.  Expiration.  Lateral  views.         2.  Inspiration, 


On  inspiration  the  costal  cartilages  (see  Diagrams  P  2,  Q  2, 
compared  with  P  i,  Q  i)  curve  forwards  on  themselves,  and 
deepen^ the  concavities  behind  them  to  each  side  of  the  ster- 
num. Owing  to  the  change  in  position  of  the  ribs,  their 
outer  curves  are  throughout  enlarged,  and  the  posterior 
curves  to  each  side  of  the  spine  are  deepened  (§§  39,  40,  55). 
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Tlie  spinal  column  is  pushed  more  and  more  backwards  from 
the  first  to  about  the  sixth  or  seventh  dorsal  vertebra,  and 
less  to  the  first  lumbar.  The  posterior  curves  of  the  six 
or  seven  inferior  ribs  are  deepened  relatively  to  the  spinal 
column,  as  is  evidenced  in  Diagram  O  2,  inspiration,  com- 
pared with  Diagram  O  i,  expiration,  in  which  the  spines  of 
the  lower  dorsal  vertebrze  are  more  concealed  in  the  former 
than  the  latter  by  the  posterior  curves.  The  posterior  curves 
of  the  diaphragmatic  set  of  ribs  are  deepened  more  than 
those  of  the  intermediate  set,  while  those  of  the  thoracic  set, 
excepting  the  fifth  rib,  are  not  deepened  at  all ;  the  whole  of 
the  backward  thrust  of  those  ribs  being  spent  in  pushing 
back  the  spinal  column.  The  twelfth  rib  does  not  move 
backwards  so  far  as  the  eleventh,  hence  there  is  not  here 
the  usual  gliding  motion  of  the  lower  rib  on  the  upper. 
Each  rib  has  its  own  peculiar  difference  in  curves  and  sur- 
faces fitting  it  for  its  precise  place,  all  the  ribs  combining, 
by  change  in  position,  to  present  one  set  of  curves  and 
surfaces  in  expiration,  another  in  inspiration. 

The  five  superior  ribs  (the  thoracic  set)  form  as  it  were  the 
dome  and  upper  portion  of  the  chest.  On  expiration,  when 
the  space  they  inclose  is  every  way  narrowed,  the  profile  of 
the  upper  edge  of  each  rib  is  concave  (Diagrams  P  i,  O  i, 
and  Fig.  XIV.  a),  the  inner  concavity  is  shallowed  (Diagram 
Q  I),  and  the  oblique  surface  tends  to  the  vertical  direction 
(see  Diagram  R  i).  On  inspiration,  when  the  dome  and 
upper  part  of  the  chest  are  amplified  in  every  direction,  the 
profile  of  the  upper  edge  of  each  rib  is  nearly  straight 
(Diagrams  P  2,  O  2,  and  Fig.  XIV.  b),  the  inner  concavity- 
is  deepened  (Diagram  Q  2),  and  the  direction  of  the  oblique 
inner  surface  becomes  more  nearly  horizontal  (Diagram  R  2.) 

On  expiration,  the  sixth  rib,  or  the  upper  of  the  inter- 
mediate set  of  ribs,  is  curved  upwards,  while  the  seventh  is 
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curved  downwards.  On  inspiration,  these  two  ribs  move 
further  apart,  they  each  of  them  become  parallel  and  assume 
an  almost  straight  profile.  The  eighth  or  lowest  of  the  inter- 
mediate set,  and  the  ninth  or  uppermost  of  the  diaphragm- 
atic set  of  ribs,  are  on  expiration  curved  downwards  like 
the  seventh,  and  like  it  they  become  more  nearly  straight 
on  inspiration.  The  anterior  ends  of  .the  sixth,  seventh,  and 
eighth  ribs,  or  the  intermediate  set,  being  linked  together, 
are  raised  on  inspiration  exactly  to  the  same  extent,  while 
the  lateral  portions  of  the  seventh  and  eighth  ribs  are  not  so 
much  elevated  as  is  that  of  the  sixth  ;  the  sixth  being  raised 
more,  relatively,  in  the  centre  than  at  the  anterior  extremity, 
while  the  seventh  and  eighth  are  more  raised  at  their  anterior 
extremities  than  at  the  centre. 

The  curve  of  the  profile  of  the  ninth  rib,  or  the  first  of  the 
diaphragmatic  set,  is  not  so  much  lessened  on  inspiration  as 
is  that  of  the  eighth,  as  the  anterior  extremity  and  centre  of 
the  ninth  rib  ascend  to  a  proportional  extent.  The  profile 
of  the  tenth  rib  is  straight,  while  that  of  the  two  lower  ribs 
is  curved  slightly  upwards.  The  inner  surfaces  of  the  lower 
ribs,  which  in  expiration  are  somewhat  oblique,  the  obliquity 
looking  upwards,  take  a  vertical  direction  on  inspiration. 

§§  81—95.  Muscular  Actions. 
81.  The  great  complication  of  the  movements  of  the  ribs 
in  respiration  is  of  course  met  by  like  complication  in  the 
actions  of  the  muscles  that  move  those  ribs. 

82.   The  Scaleni  raise  the  First  and  Second  Ribs  and  lower 
and  bring  forward  the  Cervical  Vertebrce.    (See  §  72.) 
The  scaleni  act  to  elevate  the  first  and  second  ribs  during 
the  whole  of  an  inspiration ;  their  action  may  be  easily  felt 
by  placing  a  finger  on  each  side  of  the  neck,  above  the 
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clavicles ;  the  fingers  are  gradually  pushed  outwards  and 
further  away  from  each  other  during  the  whole  inspiration. 
While  the  scaleni  act  from  the  cervical  vertebrae  to  raise  the 
first  rib,  they,  in  turn,  also  act  from  the  first  rib  to  draw 
downwards  and  forwards  the  cervical  vertebrae,  §  72.  This 
movement  of  the  cervical  vertebrae  is  not  absolute  but  rela- 
tive, for  they,  riding  on  the  dorsal  vertebrae,  are  carried  back- 
wards by  the  inspiratory  movements  of  the  latter ;  but  the 
backward  movement  of  the  dorsal  is  considerably  greater 
than  that  of  the  cervical  vertebrae  ;  the  latter  indeed  move 
forward  relatively  to  the  former,  carry  the  origins  of  the 
scaleni  more  directly  over  the  points  of  the  ribs  on  which 
they  act,  and  increase  the  dorsal  arch.  In  the  difficult  breath- 
ing of  persons  suffering  from  chest  disease,  I  have  seen  the 
head  and  neck  move  forwards  on  each  inspiration. 

83.  TJie  Scaleni  Expand  the  Cervical  Portion  of  Lung. 

(See  §  71.) 

In  man  a  considerable  portion  of  lung  is  situated  above 
the  clavicles  ;  the  expansion  of  this  portion  of  the  lung  is 
effected,  as  it  is  in  the  porpoise  (see  §  71),  by  the  mutual 
action  of  the  scaleni  and  first  rib  on  each  other ;  while  they 
raise  the  rib,  the  rib  moves  outwards  and  carries  with  it  the 
scaleni  ;  the  scaleni  then  widen  the  space  into  which  the  lung 
rises  and  which  they  bound. 

84.  Pleural  Scalenus.^ 

In  addition  to  the  ordinary  scaleni,  there  is  usually  a  special 
scalenus  to  expand  the  summit  of  each  lung.    This  pleural 
scalenus  arises  from  the  transverse  process  of  the  seventh 
'  Fig.  XXVI.  Archives  of  the  Royal  .Society. 
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cervical  vertebra,  becomes  tendinous  and  aponeurotic,  and  is 
inserted  by  a  funnel-like  tendinous  web  into  the  whole  circuit 
of  the  first  rib.  The  pleural  scalenus  somewhat  resembles 
the  large  funnel-like  scalenus  of  the  porpoise,  that  enlarges 
the  lung  in  the  neck,  §  71. 

85.  Intercostal  Muscles,  Plate  VII.  Figs.  XIII.  a,  b;  XIV. 
a,  b  ;  XV.  a,  b ;  §§  46,  48,  49,  60,  61. 

The  action  of  each  intercostal  muscle  depends  entirely  on 
the  movements  of  the  rib  into  which  it  is  inserted  ;  as  the 
thoracic  set  of  ribs  approach  each  other  in  front,  while  the 
diaphragmatic  and  intermediate  sets  recede  from  each  other 
we  might  have  anticipated  that  the  intercostal  muscles  be- 
tween the  former  have  different  respiratory  actions  from 
those  between  the  latter.  We  have  already  seen,  in  the 
lower  mammalia,  how  completely  the  actions  of  the  inter- 
costal muscles  correspond  with  the  motions  of  the  ribs 
(§§  48,  49,  60,  61);  we  shall  find  the  same  correspondence 
in  man. 

The  external  intercostals  of  the  seven  superior  ribs  (all  the 
thoracic  and  two  of  the  intermediate  sets)  are  throughout 
inspiratory  ;  they  raise  these  ribs,  make  them  to  glide  on 
each  other  towards  the  vertebrae  (§§  6,  7),  and  push  back- 
wards, through  the  ribs,  the  vertebral  column  ;  those  of  the 
thoracic  set,  in  addition,  make  the  oblique  inner  surfaces  of 
the  ribs  more  nearly  horizontal,  as  Diagram  R  illustrates. 

The  anterior  or  intercartilaginous  portions  of  the  superior 
five  internal  intercostals  are  all  inspiratory  (Fig.  XIII.  b) ; 
they  raise  the  costal  cartilages  and  make  them  glide  on  each 
other  towards  the  sternum  ;  the  four  superior  internal  inter- 
costal muscles  are  inspiratory  anteriorly,  where  the  ribs 
approach  each  other,  and  expiratory  posteriorly,  where  they 
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recede  from  each  other  ;  the  rest  of  them  are  throughout 
expiratory  ;  they  depress  the  ribs,  make  the  lower  edge  of 
each  rib  ghde  towards  the  vertebrae  in  relation  to  the  upper 
edge  of  the  rib  below,  and  bring  forwards  the  spinal  column. 

At  the  upper  and  anterior  part  of  the  chest,  where  the  ribs 
approach  nearer  to  each  other,  an  inspiratory  shortening  of 
the  fibres  of  the  internal  intercostal  overweighs  the  usual  ex- 
piratory action  (Fig.  XIV.  b).  There  the  external  and  internal 
intercostal  muscles  act  simultaneously  in  a  diagonal  direction. 
(See  §  48,  last  portion  of  it.) 


Expiration.  Inspiration. 


The  four  inferior  external  intercostals  inserted  into  the 
diaphragmatic  set  of  ribs  are  expiratory  between  the  anterior 
and  lateral  portions  of  the  ribs,  where  they  are  so  far  apart 
from  each  other  as  to  overweigh  the  inspiratory  gliding  motion 
of  the  ribs  towards  the  vertebrae  (Figs.  XIII.  b,  XIV.  b,  §49). 
Posteriorly  near  the  spine  they  are  all,  save  the  lowest,  inspi- 
ratory. (See  Diagram  M,  Fig.  XV.  b.)  The  fibres  inserted 
into  the  ninth  costal  cartilage  cause  it,  during  inspiration,  to 
glide  downwards  and  backwards  on  the  cartilage  above  ;  so 
that  the  anterior  or  intercartilaginous  fibres  of  the  eighth 
external  intercostal  are  inspiratory,  while  the  lateral  fibres 
between  the  ribs  are  expiratory,  and  the  posterior  fibres  are 
inspiratory  (Figs.  XIII.  b,  XIV.  b,  XV.  b). 
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The  seventh  external  intercostal,  that  of  the  lowest  of  the 
intermediate  set,  has  its  anterior  fibres  slightly  shortened  on 
expiration  ;  its  posterior,  on  inspiration.  The  whole  of  the 
lower  internal  intercostals  are  throughout  expiratory,  whether 
between  the  ribs  or  the  cartilages  ;  they  make  each  lower 
cartilage  glide  forwards  and  upwards  on  the  cartilage  or  rib 
above. 

86.  Levatores  Costarum. 

The  levatores  costarum,  which  are  nearly  allied,  almost 
identical  with  the  external  intercostals,  are  all  inspiratory  ; 
they  elevate  the  ribs  posteriorly,  and  the  inferior  muscles 
draw  backwards  and  deepen  the  posterior  curves  of  the  ribs. 
(See  Diagram  B,  §  9.)  The  superior  levators  are  but  insigni- 
ficant ;  the  ribs  on  which  they  act,  although  they  are  raised 
considerably,  have  no  backward  movement.  The  six  or  seven 
lower  levators  are  of  considerable  size  ;  the  ribs  on  which  they 
act,  though  they  are  raised  but  little,  are  drawn  backwards 
considerably  (Figs,  XV.  a,  b),    (See  §  50.) 

87.  Serratus  Magnus,  chiefly  Expiratory.    {See%%  5i»  63.) 

The  serratus  magnus,  and  the  serratus  posticus  inferior,  are 
the  only  other  muscles  besides  the  external  and  internal  inter- 
costals that  have,  in  some  portion  of  them,  an  inspiratory,  hi 
others,  an  expiratory  action.  In  the  dog  (§  63)  and  ass  (§  51) 
the  superior  fasciculi  of  the  serratus  magnus  are  expiratory  ; 
the  inferior  are  inspiratory ;  and  the  central  fibres  are  neutral. 

In  man  the  greater  portion  of  the  fasciculi  of  the  serratus 
magnus  act  visibly  in  violent  expiration.  Indeed,  from 
the  direction  of  the  superior  fasciculi,  they  must  be  expira- 
tory ;  1  the  two  or  three  lower  fasciculi,  from  their  direction, 
1  See  Quain's  Plates  of  the  Muscles,  PI.  XIII. 
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probably  act  in  deep  inspiration ;  but  I  have  not  observed 
them  to  do  so. 

88.  Serratiis  Posticus  Inferior,  Expiratory.  {See  §§  53,  64,  65.) 

In  the  ass  (§  53)  the  four  lower  fasciculi  of  the  serratus 
posticus  inferior  are  inspiratory,  the  two  upper  expiratory, 
and  the  two  intermediate  neutral.  In  the  dog  (§  64)  all  the 
fasciculi  are  expiratory,  while  in  the  rabbit  (§  65)  they  are  all 
inspiratory.  From  the  direction  of  the  fibres,  and  from  the 
fact  that  the  fibres  are  shorter  when  the  lungs  are  flaccid  than 
when  they  are  distended,  I  infer  that  in  man  the  serratus 
posticus  inferior  is  expiratory. 

89.  Inspiratory  Muscles:  Ordinary  Respiration. 

I  have  observed  the  following  muscles  to  be  inspiratory. 
In  ordinary  inspiration,  the  levator  anguli  scapulae  draws  the 
scapula  upwards  away  from  the  ribs  so  as  to  allow  them  un- 
embarrassed play.  The  serratus  posticus  superior  (I  have 
seen  it  act  in  the  dog  and  the  ass)  draws  upwards  and  out- 
wards the  superior  ribs  into  which  it  is  inserted, 

90.  Deep  or  Difficult  Inspiration. 

In  deep  or  difficult  inspiration,  the  superior  fibres  of  the 
trapezius  assist  to  elevate  the  scapula. 

The  sternum  is  raised  by  the  sterno-cleido-mastoid  and  by 
the  stemo-hyoid  and  thyroid  muscles ;  the  origins  of  the 
latter  take  their  bearings  from  the  inferior  maxillary  bone, 
through  the  active  intermed  ium  of  the  genio-hyoid  and  the 
anterior  belly  of  the  digastricus. 

The  pectoralis  minor  and  the  lower  fibres  of  the  pectoralis 
major  raise  the  ribs  to  which  they  are  attached. 
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§§  91—94.  Muscles  of  Expiration. 

91.  In  addition  to  the  intercostal  muscles,  the  greater 
portion  of  the  serratus  magnus,  and  I  beUeve  the  serratus 
posticus  inferior,  the  following  muscles  act  during  expiration. 
(I  have  seen  them  act  in  the  dog  and  ass,  §§  51,  53,  54,  63.) 

92.  Expiratory  Muscles  acting  on  the  Scapulce. 

The  Latissimus  Dorsi. — I  have  seen  it  act  in  man  in  diffi- 
cult expiration,  especially  in  coughing,  and  I  have  also  noticed 
it  act  on  expiration  in  the  dog  ;  it  never  contracts  under  any 
circumstances  in  inspiration.  The  latissimus  draws  the 
scapula  forcibly  downwards  on  the  ribs  ;  it  is  antagonist  to 
the  levator  anguli  scapulae. 

In  coughing,  the  latissimi  are  assisted  in  their  action  on 
the  scapulae  by  the  pectoralis  major  and  the  lower  fibres  of 
the  trapezius  ;  at  the  same  time,  while  the  serratus  magnus 
is  in  action,  the  rhomboidei  will  doubtless  draw  the  scapula 
backwards.  Through  the  combined  actions  of  these  muscles 
the  upper  part  of  the  chest  is  compressed  by  the  scapulae. 

In  violent  coughing  and  in  epileptic  fits  many  of  the 
muscles  of  the  limbs  act  with  great  power. 

93.  Expiratory  Muscles  acting  on  the  Ribs. 

The  recti  draw  down  the  sternum,  and  with  it  the  annexed 
costal  cartilages  and  their  ribs. 

The  external  oblique  draw  downwards  the  eight  inferior 
ribs,  bring  forwards  and  downwards  the  posterior  portions  of 
the  ribs,  and  compress  the  abdomen. 

The  internal  oblique  draw  downwards  and  backwards  the 
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anterior  extremities  of  the  inferior  ribs  and  their  cartilages, 
and  compress  the  abdomen. 

The  two  oblique  muscles,  the  external  and  internal,  com- 
bine to  pull  downwards  the  lower  ribs  ;  the  external  oblique 
draws  the  posterior  curves  of  the  ribs  forwards,  the  internal 
oblique  draws  the  anterior  portions  of  the  ribs  and  the  car- 
tilages backwards. 

94.  The  Triangulares  Sterni  and  the  Transversales  combine  to 
form  one  large  Muscle,  the  Constrictor  of  the  Chest  and 
Abdomen.    {See  §§  68,  73.) 

We  have  already  seen  that  the  transversales  combine  with 
the  triangulares  sterni  to  form  one  vast  constrictor  of  the 
chest  and  abdomen  in  the  porpoise,  the  dog,  the  seal,  and 
otter. 

I  find  that  the  transversales  and  triangulares  sterni  com- 
bine in  like  manner  in  man  ;  these  muscles  are  indeed  per- 
fectly continuous  and  form  one  web.^ 

The  combined  transversales  and  triangulares  sterni  may  be 
described  as  one  muscle  ;  the  constrictor  of  the  chest  and 
abdomen,  arising  from  the  two  lower  thirds  of  the  sternum, 
the  xiphoid  cartilage,  and  the  linea  alba,  and  inserted  into 
all  the  ribs,  except  the  first,  close  to  their  cartilaginous 
attachments.  The  fibres  of  this  vast  web  combine  to  narrow 
the  space  between  all  the  opposite  ribs ;  they  cause  the  costal 
cartilages  connected  with  the  sternum  to  bend  on  the  ribs 
and  on  themselves  ;  they  constrict  at  once  the  space  between 
the  thoracic,  intermediate,  and  diaphragmatic  sets  of  ribs,  and 
indeed  the  whole  chest  and  abdomen. 

The  combined  actions  of  the  recti,  the  external  and  internal 
oblique  and  the  transversales,  compress  the  abdominal  viscera, 
^  Fig.  XXVI.  Archives  of  the  Royal  Society. 
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and  thrust  them  upwards  against  the  diaphragm  so  as  to 
elevate  it. 

The  sacro-lumbalis  and  the  longissimus  dorsi  act  with  the 
quadratus  lumborum  to  draw  downwards  the  posterior  portion 
of  the  ribs. 

We  have  then  a  very  powerful  array  of  expiratory  muscles ; 
they  aire  much  more  powerful  than  the  inspiratory,  as  I  pre- 
viously inferred,  and  as  has  been  proved  by  Mr.  Hutchinson, 
whose  ingenious  inquiries  have  thrown  much  light  on  the 
mechanism  of  breathing. 

In  every  act  of  violent  exertion,  in  lifting  weights,  in 
coughing,  laughing,  and  crying,  in  the  violent  convulsive  fits 
of  epilepsy,  and  in  many  other  energetic  acts,  the  vocal  chords 
are  forcibly  closed  by  muscular  actions  ;  the  air  cannot  be 
expired,  and  the  expiratory  muscles  all  combine  in  the 
attempt  to  force  out  the  air  from  the  lungs,  but  ineffectu- 
ally till  the  vocal  chords  are  separated.  The  muscles  of  the 
limbs  have  an  admirable  fi.xed  point  for  the  centre  of  their 
actions,  when  the  chest  is  rigid  with  this  violent  but  ineffectual 
straining  at  an  expiration. 

95.  The  Diaphragm. 

It  is  not  my  intention  in  this  paper  to  describe  minutely 
the  form  and  respiratory  actions  of  the  diaphragm  ;  but  this 
muscle  must  not  be  passed  over,  as  it  plays  so  important  a 
part  in  the  breathing  machinery,  and  modifies  so  much  the 
form,  the  number,  and  the  movements  of  the  lower  set  of  ribs, 
or  those  that  assist  in  diaphragmatic  respiration. 

I  have  seen  the  action  of  the  diaphragm  in  the  dog,  the  ass, 
the  rabbit,  and  the  domestic  fowl.  The  form  and  position  of 
the  diaphragm  depend  entirely  on  the  relative  proportion  of 
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the  lower  and  posterior,  or  diaphragmatic,  to  the  upper  and 
anterior,  or  thoracic  portion  of  the  lung. 

In  the  ass,  the  upper  or  thoracic  portion  of  lung  is  very- 
narrow,  and  has  but  little  play;  the  diaphragmatic  portion  is 
of  great  bulk  and  expansibility  posteriorly;  there  is  but  a 
small  extent  of  lung  anteriorly.  The  .  diaphragm  is  very 
oblique,  tending  to  the  vertical  direction  ;  its  anterior  fibres 
are  strong  but  short ;  its  lateral  fibres  are  long  ;  they  are 
inserted  into  an  oblong  central  tendon.  When  the  diaphragm 
acts,  the  diaphragmatic  portion  of  the  chest  is  expanded 
behind  and  to  the  side.  The  body  and  lower  or  posterior 
portion  of  the  diaphragm  moves  forwards  and  downwards  to 
a  great  extent,  the  anterior  portion  descends  very  little,  and 
the  whole  muscle  becomes  comparatively  flattened  (§  35). 

In  the  dog,  the  upper  or  thoracic  portion  of  the  lungs  is 
much  expanded  on  inspiration  ;  the  lower  surfaces  of  the 
lungs  and  the  diaphragm  are  almost  horizontally  concave. 
The  diaphragm  has  long  muscular  fibres  anteriorly ;  its  de- 
scent being  almost  as  great  anteriorly  as  posteriorly  (§  35). 

In  man,  the  diaphragm  is  oblique,  approaching  the  hori- 
zontal direction.    The  right  side  is  larger  and  bulges  higher 
into  the  chest  than  the  left.    From  the  floor  of  the  pericardial 
sac  is  given  off"  a  strong  tendinous  web  that  sheaths  the  whole 
pericardium,  and  is  inserted  into  the  investments  of  the  great 
vessels  at  the  upper  part  of  the  chest.    A  thin  aponeurosis 
ascends  over  each  pleura,  another  descends  on  the  peritoneum. 
A  strong  tendinous  sheath  rises  from  the  central  tendon,  sur- 
rounds the  vena  cava  hepatica,  and  invests  all  its  branches. 
On  inspiration,  the  bulges  of  the  diaphragm  are  first  flattened, 
and  then  the  whole  muscle  descends  to  a  nearly  equal  extent. 
The  central  tendon  in  its  descent  stretches  and  elongates 
the  pericardial  sac,  increasing  the  space  containing  the  heart. 
When    the    diaphragm    is    forced    up   by  the  contraction 
VOL.  I.  V 
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of  the  abdominal  muscles,  the  tendinous  fibres  with  which 
It  invests  the  vena  cava,  interstitially  support  the  mass  of  the 
liver. 

§§  96—100.  Varieties  in  the  Mechanism  of  Respira- 
tion IN  THE  Human  Subject  due  to  Age  and  Sex. 

96.  In  the  human  subject  the  extent  of  the  lungf  varies 
with  the  age  and  sex  of  the  individual.  In  the  adult  well- 
formed  man,  the  chest  is  apparently  of  greater  bulk  than 
the  abdomen.  The  proportion  of  the  chest  to  the  abdomen 
is  greater  in  the  active  than  the  inactive. 

97.  Female} 

In  the  female  the  development  of  the  abdomen  in  relation 
to  the  chest  is  considerably  greater  than  it  is  in  man.  Owing 
to  the  tightness  with  which  the  stays  are  usually  worn  round 
the  lower  or  diaphragmatic  portion  of  the  chest,  the  dia- 
phragm is  compressed  and  its  inspiratory  expansion  is  greatly 
impeded.  The  opposite  conjoint  cartilages  of  the  sixth, 
seventh,  and  eighth  ribs  (the  intermediate  set)  are  pressed 
nearer  to  each  other,  so  that  instead  of  forming  an  angle  with 
each  other,  they  become  almost  parallel.  To  make  amends 
for  the  artificial  impediment  to  respiration  of  the  diaphragm- 
atic portion  of  the  lungs,  the  thoracic  portion  is  unnaturally 
developed. 

98.  Fcetus^  and  New-born  Infant.''^ 

In  the  child,*  and  still  more  in  the  foetus  and  new-born 
infant,  the  abdomen  and  its  viscera  are  very  large  in  proportion 

1  Fig.  XIX.  Archives  of  the  Royal  Society.        -  Fig.  XXIV.  Ibid. 
Fig.  XXV.  Ibid.  *  Figs.  XXI.  &  XXII.  Ibid. 
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to  the  chest  and  its  contents.  While  the  lungs  are  small, 
the  liver  is  of  great  size. 

In  the  foetus,  the  unexpanded  lungs  occupy  a  very  small 
space  ;  the  sternum  and  costal  cartilages  fall  inwards  and  form 
a  hollow ;  the  angle  between  the  opposed  sixth,  seventh,  and 
eighth  costal  cartilages  below  the  sternum  is  obtuse,  and  the 
abdominal  viscera  push  outwards  the  inferior  ribs  to  a  very 
great  extent. 

In  the  new-born  infant  the  sternum  and  costal  cartilages 
by  virtue  of  their  elasticity  and  of  muscular  actions,  move 
forwards,  and  from  being  concave  become  flat  or  slightly 
convex  ;  the  sixth,  seventh,  and  eighth  cartilages  form  with 
each  other  a  right  angle. 


Influence  of  tlie  Elasticity  of  the  Walls  of  the  Chest  on  the  first 
Inspiration  and  on  Respiration. 

The  inspiratory  expansion  of  the  chest  in  the  new-born 
infant  illustrates  well  the  effect  of  the  elasticity  of  the  thoracic 
walls  in  maintaining  a  considerable  portion  of  air  in  the 
lungs.  By  no  muscular  efifort  can  a  child  that  has  once 
breathed  force  out  the  whole  of  the  air  from  his  lungs. 
If  we  compress  the  chest  after  death,  a  portion  of  air  is 
pressed  out  through  the  trachea  ;  on  removing  the  pressure 
the  resiliency  of  the  walls  of  the  chest  draws  as  much  air  into 
the  lungs  as  was  previous  expressed;  an  incomplete  but 
artificial  inspiration  can  thus  be  performed.  A  very  simple 
apparatus,  acting  on  this  principle,  is  recommended  in  the 
Humane  Society's  Report  for  1834,  p.  126.  The  chest  is 
compressed  by  a  many-tailed  bandage,  the  tails  of  which 
cross  each  other;  when  they  are  alternately  tightened  and 
relaxed  the^  excite  artificial  respiration.  A  syringe  has  been 
constructed  to  act  on  the  same  principle  ;  after  it  draws  a 
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portion  of  air  out  of  tlie  lungs  through  the  trachea,  fresh  air, 
being  admitted,  rushes  in  to  supply  its  place  ;  in  both  these 
cases  the  lungs  are  expanded  by  the  elasticity  of  the  parietes 
of  the  chest. 

I  conceive  that  respiration  after  the  first  breath  is  essen- 
tially performed  by  muscular  actions  ;  at  the  end  of  each  ex- 
piration the  elasticity  of  the  walls  of  the  chest  will  tend  to 
commence  the  next  inspiration ;  until  the  walls  of  the  chest 
arrive  at  the  medium  size,  or  that  which  they  retain  after 
death,  the  elasticity  will  act  along  with  the  muscles  ;  as  soon 
as  they  have  passed  beyond  this  point,  the  elasticity  will  tend 
to  act  against  the  muscular  actions  ;  indeed  these  have  to 
overcome  the  elasticity.  At  the  end  of  an  inspiration,  elas- 
ticity will  commence  the  expiration,  assist  in  the  action  up 
to  the  neutral  point,  and  resist  it  beyond  that  point.  Thus 
elasticity  as  an  agent  in  respiration  balances  itself. 

I  would  not  have  remarked  on  the  elasticity  of  the  walls  of 
the  chest  as  a  respiratory  agent,  but  for  a  short  note  from 
Mr.  Hutchinson,  informing  me  that  he  was  inquiring  into  the 
subject.  From  the  success  of  his  previous  inquiries  I  look 
forward  to  his  communication  with  much  interest. 

99.  The  Child} 

In  the  child,  the  liver  and  the  stomach,  and  other  ab- 
dominal viscera,  push  the  diaphragmatic  set  of  ribs  and  the 
cartilages  of  the  intermediate  set  forwards  and  outwards, 
and  cause  them  to  project  beyond  the  thoracic  set  of  ribs,  as 
the  girt  of  the  abdominal  organs  is  considerably  greater  than 
that  of  the  thoracic.  When  the  diaphragm  descends,  the 
lungs  and  heart  occupy  the  place  previously  taken  up  by 
abdominal  viscera,  and  as  the  lungs  are  smaller  than  the 
Figs.  XXL  f/,  b;  XXII.  ^r,  3 y  Archives  of  the  Royal  Society. 
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viscera  they  replace,  the  lower  end  of  the  sternum  and  xi- 
phoid "  cartilage,  the  conjoint  cartilages  of  the  sixth  and 
seventh  ribs,  and  the  sixth  rib,  fall  backwards  on  inspira- 
tion owing  to  the  pressure  of  the  atmosphere.  If  the  in- 
spiration be  so  deep  as  to  bring  the  lungs  down  to  the 
lower  edge  of  the  floating  cartilages,  all  those  cartilages  fall 
backwards  also,  and  those  of  the  opposite  side  approach  each 
other. 

As  the  proportion  of  the  abdominal  to  the  thoracic  viscera 
lessens  as  life  advances,  the  lower  cartilages  gradually  cease 
to  fall  backwards  during  inspiration,  and  afterwards,  as  the 
proportion  of  the  thoracic  to  the  abdominal  viscera  increases, 
a  forward  movement  of  the  lower  cartilages  takes  place  ;  this 
gradually  increases  until,  in  adult  life,  the  forward  movement 
of  the  conjoint  cartilages  and  of  the  lower  portion  of  the 
sternum  is  even  greater  than  that  of  the  superior  cartilages 
and  the  upper  portion  of  the  sternum. 

lOO.  Old  Age} 

In  the  aged,  the  costal  cartilages  being  ossified,  each  rib 
and  cartilage  forms  as  it  were  one  inflexible  bone  ;  the  costal 
cartilages  still  hinge  on  the  sternum.  The  costal  respiration 
is  performed  by  the  elevation  and  consequent  variation  in 
the  position  of  the  curves  of  the  ribs.  There  is  no  yielding 
of  the  cartilages,  consequently  the  lower  part  of  the  sternum 
and  the  conjoint  costal  cartilages  are  pushed  forward  to  a 
greater  extent  than  they  are  in  the  youthful.  The  thoracic 
respiration,  though  considerable,  is  not  so  great  as  in  the 
adult  or  young  man ;  to  make  amends,  diaphragmatic  respi- 
ration is  increased,  and  the  angle  formed  between  the  oppo- 
site costal  cartilages  below  the  sternum  is  more  open.  The 
-  Fig.  XXIII.  a,  b.  Archives  of  the  Royal  Society. 
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old  man  does  not  require  the  energetic  breathing  of  the 
young.  The  bulk  of  the  lung  increases,  the  air-cells  being 
enlarged,  in  the  aged,  and  the  chest  gradually  takes  on  more 
and  more  the  forni  that  it  has  on  an  ordinary  or  even  a  deep 
inspiration  ;  consequently  the  movement  of  the  ribs  on  inspi- 
ration is  not  so  great  in  the  old  man  as  it  is  in  the  middle- 
aged.  The  increase  of  the  dorsal  arch  due  to  the  permanent 
inspiratory  form,  causes  the  stooping,  and,  in  part,  the  short- 
ening of  the  aged. 

lOi.  Varieties  in  Respiratory  Movements  induced  by  Disease. 

Permit  me  to  hint  at  the  influences  of  some  diseases  of  the 
lungs  on  the  respiratory  movements  of  the  chest. 

If  the  larynx  be  narrowed  so  as  to  permit  but  little  air  to 
enter  the  lungs,  the  diaphragm  descends  so  rapidly  that  the 
air  has  not  time  to  fill  up  those  portions  of  the  lungs  dis- 
placed downwards  by  the  diaphragm  ;  the  consequence  is 
that  the  pressure  of  the  atmosphere  forces  backwards  and 
inwards  the  costal  walls  of  the  lungs. 

If  the  summit  of  the  lung  be  affected  with  phthisis,  the 
corresponding  portion  of  the  chest  is  but  little  dilated,  and 
the  ribs  are  depressed  and  almost  motionless  over  the  dis- 
eased portion  of  lung  ;  sometimes  the  rib  even  falls  in  at  the 
beginning  of  inspiration. 

In  inflammation  of  the  lower  lobe  of  the  lung,  that  lobe  is 
distended  by  diseased  secretions ;  the  chest  over  it  is  per- 
manently expanded  and  has  little  or  no  respiratory  move- 
ment ;  at  the  same  time  the  upper  portion  of  the  same  side 
of  the  chest  is  less  actively  inspiratory. 

If  the  diaphragm  be  inflamed  on  one  side,  that  side  does 
not  act  J  the  diaphragmatic  ribs  and  the  hypogastric  region 
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do  not  move  forwards  on  the  affected,  though  they  do  on  the 
healthy  side. 

If  any  part  contiguous  to  the  ribs,  on  one  side,  would  be 
injured  by  the  respiratory  motion  of  those  ribs,  then  that  side 
of  the  chest  is  often  motionless,  though  the  lung  be  sound. 

If  the  air-cells  be  dilated,  the  whole  chest  takes  on  per- 
manently the  form  that  it  has  on  a  deep  inspiration. 

These  instances  show  the  practical  value  of  a  thorough 
knowledge  of  the  healthy  respiratory  movements  of  each 
portion  of  the  chest ;  the  attention  is  at  once  called  to  any 
point  that,  owing  to  disease,  has  not  its  due  motion. 

The  above  paper  relates  almost  exclusively  to  the  mode  in 
which  the  movements  of  the  ribs  expand  and  contract  the 
chest  in  respiration  ;  the  diaphragm  is  only  treated  of  inci- 
dentally. The  remarkable  series  of  respiratory  movements 
that  take  place  in  the  nostrils,  lips,  mouth,  palate,  and  tongue, 
in  the  larynx  and  pharynx,  and  in  the  cervical  fasciae,  are  not 
even  mentioned. 

On  a  future  occasion  I  hope  to  investigate  those  parts  of 
the  mechanism  of  respiration  that  are  here  only  briefly 
alluded  to,  or  altogether  omitted. 

SUMMARY. 

Demonstrative  proof  of  the  statements  in  the  following 
summary  is,  I  believe,  advanced  in  the  preceding  paper  and 
its  accompanying  drawings. 

The  Snake  {§§  3— ii,  Plate  I.  Figs.  I.  II.)  has  the  most 
elementary  form  of  ribs.  They  are  all  alike,  and  are  only 
attached  at  their  vertebral  end,  their  anterior  ends  being  free 
(§  4)-    There  are  neither  sternum  nor  costal  cartilages. 
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When  the  lungs  are  expanded,  the  levatores  costarutn  and 
the  external  intercostals  raise  the  ribs,  widen  the  spaces  be- 
tween them,  make  their  anterior  ends  move  forwards,  and 
cause  the  upper  edge  of  one  rib  to  glide  backwards  in  relation 
to  the  lower  edge  of  the  rib  above  it.  (Diagram  A  i,  2,  Fig. 
I.  a,  b,  §§  4,  6,  7,  10.)    The  scalenus  acts  on  the  first  rib. 

The  levatores  costarum  draw  the  ribs  backwards  behind, 
outwards. to  the  side.    (Diagram  B  2,  §  9.) 

When  the  lungs  are  emptied  the  movements  of  the  ribs  are 
exactly  reversed  by  the  long  depressors  of  the  ribs,  and  by 
the  internal  intercostals  and  the  transversalis.  (Diagram  A\ 
BS§§6,  II.) 

In  Birds  (§§  17—27,  Plates  II.  &  III.  Figs.  III.— VI.) 
a  sternum  and  sternal  ribs  are  coupled  with  the  vertebral  ribs 
and  vertebrae  to  complete  the  circuit  of  the  chest  (§  17). 

The  respiratory  movements  and  the  muscles  exciting  the 
movements  of  the  sternal  ribs  on  the  sternum  and  on  each 
other  are  exactly  the  same  in  principle,  though  reversed  in 
direction  with  those  of  the  vertebral  ribs  on  the  vertebrae  and 
on  each  other.  (Diagram  C  i,  2,  Figs.  V\.  a,  b,  §  18.)  On 
inspiration,  the  angles  between  the  vertebral  and  sternal  ribs 
become  more  open  ;  the  sternum  moves  forwards  and  the 
spinal  column  slightly  backwards,  and  the  chest  is  slightly 
expanded.  These  movements  are  effected  by  the  combined 
action  of  the  scaleni  and  sterno-costal  muscles  on  the  first 
vertebral  and  first  sternal  ribs  respectively ;  of  the  levatores 
costarum  and  external  intercostals  on  all  the  lower  vertebral 
ribs ;  and  of  the  sternal  intercostals  on  all  the  lower  sternal 
ribs.    (§§  19,  20,  23,  24,  Fig.  VI.  b,  Diagram  C  2.) 

On  expiration,  the  movements  are  reversed  by  the  internal 
intercostals,  the  external  and  internal  oblique,  recti,  trans- 
versales,  and  other  muscles.    (§  26,  Fig.  VI.  a,  Diagram  C  i.) 
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In  the  Mammalia  (§§  28—100,  Plates  III.— VII.  Figs. 
VII. — XV.i)  the  addition  of  a  large  and  efficient  diaphragm 
— that  in  the  bird  is  small — modifies  the  form  and  varies  the 
movements  of  the  ribs  and  actions  of  the  muscles  in  different 
parts.  The  ribs  articulate  with  a  dorsal  arch  (§  31,  X.  c)  ; 
they  vary  in  length,  those  hinging  on  the  centre  of  the  dorsal 
arch  are  the  longest ;  while  those  on  the  superior  curve  gra- 
dually shorten  from  below  upwards,  those  on  the  inferior 
curve  shorten  from  above  downwards.  (Diagram  D  i,  2,  O  i, 
2,  Figs.  XIV.        §§  31,  32,  33.) 

By  virtue  of  this  arrangement,  the  ribs,  articulating  with 
the  superior  curve,  when  they  are  raised,  approach  each  other 
anteriorly.  These  ribs  have  each  a  cartilage  articulating 
with  the  sternum,  that  is  analogous  to  the  sternal  rib  of 
birds  ;  they  comprise  the  thoracic  set.  (§  34,  35  Ass,  §§  67 
Dog,  79  Man.) 

The  ribs  that  hinge  on  the  inferior  curve  of  the  dorsal  arch, 
when  raised,  recede  from  each  other  ;  they  have  floating  car- 
tilages, and  are  the  diaphragmatic  set  of  ribs.  (§§  34,  35, 
67,  79-) 

Intermediate  are  the  longest  ribs  connected  with  the  dorsal 
arch  ;  their  cartilages  are  usually  linked  together  and  articu- 
late with  the  lower  end  of  the  sternum  ;  they,  when  raised, 
usually  recede  slightly  from  each  other  (Diagram  N»,  Fig. 

XIII.  d).  All  the  ribs  recede  from  each  other  behind  (Dia- 
gram M',  Fig.  XV.  d).  The  anterior  portions  of  the  ribs 
move  forwards  and  upwards,  and  carry  with  them  the  costal 
cartilages  and  the  sternum  (O  2,  Fig.  XIV.  d).  The  posterior 
portions  of  the  ribs  move  backwards,  push  backwards  the 
vertebrae,  and  deepen  the  dorsal  arch  (Diagram  O,  Fig 

XIV.  d). 

1  And  numerous  additional  drawings  in  the  Archives  of  the  Royal 
Society. 
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The  scaleni  invariably  act  during  the  whole  time  of  an 
inspiration  (§§  47,  58,  82) ,  and  in  man  and  the  porpoise 
they  expand  the  portion  of  lung  in  the  neck  (§§  71,  83); 
assisted  in  man  by  the  pleural  scalenus  (§  84),  They  do 
not  draw  the  cervical  vertebrae  to  either  side,  but  they 
draw  them,  during  inspiration,  forwards  and'  downwards 
(§§  72,  82). 

The  external  intercostals  between  the  thoracic  set  of  ribs 
are  throughout  inspiratory  (§§  48,  60,  85) ;  those  portions  be- 
tween their  cartilages  are  expiratory  (§  60)  ;  between  the 
diaphragmatic  set  of  ribs  they  are  inspiratory  behind,  expira- 
tory to  the  side  and  in  front ;  and  between  their  cartilages 
they  are  inspiratory  (§§  49,  60,  85) ;  between  the  intermediate 
set  of  ribs  they  are  for  the  most  part  slightly  inspiratory 
between  the  ribs,  and  expiratory  in  front  between  the  carti- 
lages (Figs.  XIII.  a,  b  ;  XIV.  a,  b  ;  XV.  a,  b\ 

The  internal  intercostals  of  the  thoracic  ribs  are  expiratory 
behind  and  inspiratory  in  front,  if  the  ribs  approach  there,  and 
are  inspiratory  between  their  costal  cartilages.  Between  the 
diaphragmatic  and  intermediate  sets  of  ribs  and  between  their 
cartilages  they  are  throughout  expiratory  ('§§  48,  49,  61,  85, 
FitTs  XIII. — XV).  The  levatores  costarum  draw  the  pos- 
terior  portion  of  the  lower  ribs  backwards  (§  86,  Diagram  B, 
Fig.  XV.  a,  b). 

In  the  ass  and  dog,  the  upper  fasciculi  of  the  serratus 
magnus  are  expiratory,  the  lower  inspiratory,  and  the  inter- 
mediate neutral  (§§31,  63).  In  man,  the  greater  part  of  the 
fasciculi  are  expiratory  (§  87). 

In  the  ass,  the  lower  fibres  of  the  serratus  posticus  inferior 
are  inspiratory  and  the  upper  expiratory  (§  52) ;  in  the  dog, 
and  I  believe  in  man,  they  are  throughout  expiratory  (§  88). 

The  following  muscles  I  have  observed  to  be  inspiratory,  in 
addition  to  those  named  above  :— 
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On  a  moderate  inspiration,  §  89 — 

The  levator  anguli  scapulae  ; 

The  serratus  posticus  superior. 
On  a  deep  or  difficult  inspiration,  §  90 — 

The  superior  fibres  of  the  trapezius  ; 

The  sterno-cleido  mastoid  ; 

The  sterno-hyoid  and  thyroid,  with  the  genio-hyoid  and 
digastricus  ; 

The  pectoralis  minor  ; 

The  pectoralis  major,  its  lower  fibres. 
The  following  muscles  I  have  observed  to  be  expiratory,  in 
addition  to  those  named  above  (§  93,  94). 

The  latissimus  dorsi  draws  down  the  scapula  in  coughing  ; 
the  trapezius,  its  lower  fibres,  the  pectoralis  major  and  the 
rhomboidei  (inferred)  combine  with  the  latissimus  dorsi  and 
the  serratus  magnus  to  draw  the  scapula  forcibly  downwards 
and  forwards  on  the  ribs.  The  recti  and  the  external  and 
internal  oblique  draw  downwards  the  sternum  and  the  ribs  ; 
the  external  oblique  draw  the  posterior  portion  of  the  ribs 
forwards,  the  internal  oblique  their  anterior  portions  back- 
wards. 

The  transversales  and  the  triangulares  sterni  combine  to- 
gether to  form  one  muscle,  the  constrictor  of  the  chest  and 
abdomen  arising  from  the  sternum,  xiphoid  cartilage,  and 
linea  alba,  and  inserted  into  all  the  ribs  but  the  first  (§§  68, 
94) ;  in  the  porpoise  it  rises  into  the  neck,  and  is  inserted 
into  all  the  ribs  (§  73). 

The  sacro-lumbalis  and  the  longissimus  dorsi. 

The  expiratory  muscles  are,  combinedly,  more  powerful 
than  the  inspiratory. 

At  first  sight  the  opposite  action  of  the  different  fibres  of 
the  same  muscle  seems  contradictory  and  unnatural,  but  when 
we  find  that  the  ribs  at  the  upper  part  of  the  chest  approach, 
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whilst  those  of  the  lower  part  recede  from  each  other,  and 
that  the  posterior  portion  of  each  rib  moves  backwards  while 
the  anterior  portion  moves  forwards,  we  admire  the  perfect 
subservience  of  the  actions  of  the  muscles  to  the  motions  of 
the  ribs.  We  now  wonder  that  the  motion  of  the  different 
ribs,  and  of  the  same  ribs  in  different  parts,  should  be  so  op- 
posite ;  but  when  we  find  that  the  motions  of  these  ribs  and 
of  the  diaphragm  exactly  correspond  to  the  form  and  capacity 
of  the  lungs  in  different  animals,  and  that  the  form  and  capa- 
city of  the  lungs  are  in  each  exactly  fitted  to  the  habits  of 
the  animal,  we  feel  that  we  have  some  insight  into  the  most 
beautifully  adjusted  and  harmonious  piece  of  machinery  that 
either  art  or  nature  has  constructed. 


Description  of  the  Plates. 

The  same  figures  denote  the  same  parts  in  all  the  illus- 
trations, both  in  the  engraved  figures  and  in  the  drawings 
deposited  with  the  paper  in  the  Archives  of  the  Royal 
Society. 

1.  The  scalenus  of  the  first  rib,  present  in  all,  voluminous 
in  the  porpoise  (Fig.  VII.),  trivial  in  the  seal  (Fig.  VIII. 
§§  TO,  23,  47,  58,  71,  72,  82,  83). 

la.  A  scalenus  of  the  first  rib,  peculiar  to  the  porpoise 
(Fig.  VII.),  external  to  the  large   funnel-shaped  scalenus 

(§§71, 74 

la.  In  man  (Fig.  XIII.  d),  a  funnel-shaped  scalenus  of  the 
first  rib  often  exists,  acting  to  expand  the  apex  of  the  lung 
(Fig.  XXVI.  Archives  of  the  Royal  Society)  (§  84). 

2.  A  posterior  scalenus  of  the  first  rib,  present  in  the  otter, 
calf,  and  rabbit  (Figs.  XII.,  IX.,  XL),  and  the  monkey  (Fig. 
XV.  in  the  Archives  of  the  Royal  Society). 
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2a.  An  additional  insertion  of  No.  i  passes  in  the  calf 
(Fig.  IX.)  to  the  second  rib. 

3.  A  posterior  and  external  scalenus  of  the  first  rib,  in- 
serted near  the  head  of  the  bone,  external  to  the  levator 
costae,  exists  in  the  calf  and  dog  (Figs.  IX.,  X.),  and  the 
monkey  and  ass  (Figs.  XV.,  X.,  Archives  of  the  Royal 
Society). 

4.  The  long  anterior  scalenus  to  several  ribs  exists  in  the 
dog,  otter,  seal,  rabbit,  and  calf  (Figs.  X.,  XII.,  VIII.,  XL, 
IX.),  and  in  the  monkey  (Fig.  XV.,  Archives  of  the  Royal 
Society,  §§  47,  58). 

5.  The  first  levator  costae. 

6.  The  levatores  costarum  (§§  7,  9,  23,  50,  86). 

7.  The  external  intercostals  (§§  6,  7,  24,  46,  48,  49,  60,  85). 
ya.  In  birds  (Figs.  III.,  VI.),  portions  of  the  external  inter- 
costals arise  from  the  spurs  (§  23). 

7^.  In  the  chameleon  (Fig.  II.)  there  are  external  inter- 
costals, whose  fibres  are  almost  vertical,  superficial  to  the 
usual  external  intercostals  (§  14). 

7^  In  the  rabbit  (Fig.  XI.)  a  supracostal  muscle  passes 
from  the  seventh  rib  to  the  eighth,  ninth,  and  tenth  ribs. 

8.  B,a.  In  the  porpoise  (Fig.  VII.)  a  web  of  superficial  fibres 
passes  from  the  first  and  second  to  the  third,  fourth,  and  fifth 
ribs  (§  74). 

9.  The  portions  of  the  internal  intercostal  muscles  between 
the  costal  cartilages.  In  birds  (Figs.  III.,  VI.)  the  muscles 
between  the  sternal  ribs  are  joined  to  those  between  the  ver- 
tebral ribs  (§§  18,  24).  In  the  porpoise  and  calf  (Figs.  VII., 
IX.),  and  the  monkey  and  pig  (Figs.  XV.,  VII.,  Archives 
of  the  Royal  Society),  the  intercartilaginous  portion  of  the  in- 
ternal intercostals  are  distinctly  separated  from  the  intercostal 
portions  (§§  48,  49,  61,  85).  In  the  seal  (Fig.  VII.)  the  first 
costal  cartilage  has  a  special  elevator  (§  62). 
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The  scaleni  invariably  act  during  the  whole  time  of  an 
inspiration  (§§  47,  58,  82) ,  and  in  man  and  the  porpoise 
they  expand  the  portion  of  lung  in  the  neck  (§§  71,  83); 
assisted  in  man  by  the  pleural  scalenus  (§  84).  They  do 
not  draw  the  cervical  vertebrae  to  either  side,  but  they 
draw  them,  during  inspiration,  forwards  and'  downwards 
(§§  72,  82). 

The  external  intercostals  between  the  thoracic  set  of  ribs 
are  throughout  inspiratory  (§§  48,  60,  85) ;  those  portions  be- 
tween their  cartilages  are  expiratory  (§  60)  ;  between  the 
diaphragmatic  set  of  ribs  they  are  inspiratory  behind,  expira- 
tory to  the  side  and  in  front ;  and  between  their  cartilages 
they  are  inspiratory  (§§  49,  60,  85) ;  between  the  intermediate 
set  of  ribs  they  are  for  the  most  part  slightly  inspiratory 
between  the  ribs,  and  expiratory  in  front  between  the  carti- 
lages (Figs.  XIII.  a,  b  ;  XIV.  a,  b  ;  XV.  a,  b). 

The  internal  intercostals  of  the  thoracic  ribs  are  expiratory 
behind  and  inspiratory  in  front,  if  the  ribs  approach  there,  and 
are  inspiratory  between  their  costal  cartilages.  Between  the 
diaphragmatic  and  intermediate  sets  of  ribs  and  between  their 
cartilages  they  are  throughout  expiratory  (§§  48,  49,  61,  8$, 
Fio-s  XIII. — XV.).  The  levatores  costarum  draw  the  pos- 
terior  portion  of  the  lower  ribs  backwards  (4^  86,  Diagram  B, 
Fig.  XV.  a,  b). 

In  the  ass  and  dog,  the  upper  fasciculi  of  the  serratus 
magnus  are  expiratory,  the  lower  inspiratory,  and  the  inter- 
mediate neutral  (§§  31,  63).  In  man,  the  greater  part  of  the 
fasciculi  are  expiratory  (§  87). 

In  the  ass,  the  lower  fibres  of  the  serratus  posticus  inferior 
are  inspiratory  and  the  upper  expiratory  (§  52) ;  in  the  dog, 
and  I  believe  in  man,  they  are  throughout  expiratory  (§  88). 

The  following  muscles  I  have  observed  to  be  inspiratory,  in 
addition  to  those  named  above  :— 
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On  a  moderate  inspiration,  §  89 — 

The  levator  anguii  scapula: ; 

The  serratus  posticus  superior. 
On  a  deep  or  difficult  inspiration,  §  90 — 

The  superior  fibres  of  the  trapezius  ; 

The  sterno-cleido  mastoid ; 

The  sterno-hyoid  and  thyroid,  with  the  genio-hyoid  and 
digastricus  ; 

The  pectoralis  minor  ; 

The  pectoralis  major,  its  lower  fibres. 
The  following  muscles  I  have  observed  to  be  expiratory,  in 
addition  to  those  named  above  (§  93,  94). 

The  latissimus  dorsi  draws  down  the  scapula  in  coughing  ; 
the  trapezius,  its  lower  fibres,  the  pectoralis  major  and  the 
rhomboidei  (inferred)  combine  with  the  latissimus  dorsi  and 
the  serratus  magnus  to  draw  the  scapula  forcibly  downwards 
and  forwards  on  the  ribs.  The  recti  and  the  external  and 
internal  oblique  draw  downwards  the  sternum  and  the  ribs  ; 
the  external  oblique  draw  the  posterior  portion  of  the  ribs 
forwards,  the  internal  oblique  their  anterior  portions  back- 
wards. 

The  transversales  and  the  triangulares  sterni  combine  to- 
gether to  form  one  muscle,  tlie  constrictor  of  the  chest  and 
abdomen  arising  from  the  sternum,  xiphoid  cartilage,  and 
linea  alba,  and  inserted  into  all  the  ribs  but  the  first  (§§  68, 
94) ;  in  the  porpoise  it  rises  into  the  neck,  and  is  inserted 
into  all  the  ribs  (§  73). 

The  sacro-lumbalis  and  the  longissimus  dorsi. 

The  expiratory  muscles  are,  combinedly,  more  powerful 
than  the  inspiratory. 

At  first  sight  the  opposite  action  of  the  different  fibres  of 
the  same  muscle  seems  contradictory  and  unnatural,  but  when 
we  find  that  the  ribs  at  the  upper  part  of  the  chest  approach, 
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whilst  those  of  the  lower  part  recede  from  each  other,  and 
that  the  posterior  portion  of  each  rib  moves  backwards  while 
the  anterior  portion  moves  forwards,  we  admire  the  perfect 
subservience  of  the  actions  of  the  muscles  to  the  motions  of 
the  ribs.  We  now  wonder  that  the  motion  of  the  different 
ribs,  and  of  the  same  ribs  in  different  parts,  should  be  so  op- 
posite ;  but  when  we  find  that  the  motions  of  these  ribs  and 
of  the  diaphragm  exactly  correspond  to  the  form  and  capacity 
of  the  lungs  in  different  animals,  and  that  the  form  and  capa- 
city of  the  lungs  are  in  each  exactly  fitted  to  the  habits  of 
the  animal,  we  feel  that  we  have  some  insight  into  the  most 
beautifully  adjusted  and  harmonious  piece  of  machinery  that 
either  art  or  nature  has  constructed. 


Description  of  the  Plates. 

The  same  figures  denote  the  same  parts  in  all  the  illus- 
trations, both  in  the  engraved  figures  and  in  the  drawings 
deposited  with  the  paper  in  the  Archives  of  the  Royal 
Society. 

1.  The  scalenus  of  the  first  rib,  present  in  all,  voluminous 
in  the  porpoise  (Fig,  VII.),  trivial  in  the  seal  (Fig.  VIII. 
§§  lo,  23,  47,  58,  71,72,  82,83). 

1^2!.  A  scalenus  of  the  first  rib,  peculiar  to  the  porpoise 
(Fig.  VII.),  external  to  the  large   funnel-shaped  scalenus 

(§§71,  72). 

la.  In  man  (Fig.  XIII.  b),  a  funnel-shaped  scalenus  of  the 
first  rib  often  exists,  acting  to  expand  the  apex  of  the  lung 
(Fig.  XXVI.  Archives  of  the  Royal  Society)  (§  84). 

2.  A  posterior  scalenus  of  the  first  rib,  present  in  the  otter, 
calf,  and  rabbit  (Figs.  XII.,  IX.,  XL),  and  the  monkey  (Fig. 
XV.  in  the  Archives  of  the  Royal  Society). 
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2a.  An  additional  insertion  of  No.  i  passes  in  the  calf 
(Fig.  IX.)  to  the  second  rib. 

3.  A  posterior  and  external  scalenus  of  the  first  rib,  in- 
serted near  the  head  of  the  bone,  external  to  the  levator 
costse,  exists  in  the  calf  and  dog  (Figs.  IX.,  X.),  and  the 
monkey  and  ass  (Figs.  XV.,  X.,  Archives  of  the  Royal 
Society). 

4.  The  long  anterior  scalenus  to  several  ribs  exists  in  the 
dog,  otter,  seal,  rabbit,  and  calf  (Figs.  X.,  XII.,  VIII.,  XI., 
IX.),  and  in  the  monkey  (Fig.  XV.,  Archives  of  the  Royal 
Society,  §§  47,  58). 

5.  The  first  levator  costae. 

6.  The  levatores  costarum  (§§  7,  9,  23,  50,  86). 

7.  The  external  intercostals  (§§  6,  7,  24,  46,  48,  49,  60,  85). 
ya.  In  birds  (Figs.  III.,  VI.),  portions  of  the  external  inter- 
costals arise  from  the  spurs  (§  23). 

7^.  In  the  chameleon  (Fig.  II.)  there  are  external  inter- 
costals, whose  fibres  are  almost  vertical,  superficial  to  the 
usual  external  intercostals  (§  14). 

7^.  In  the  rabbit  (Fig.  XI.)  a  supracostal  muscle  passes 
from  the  seventh  rib  to  the  eighth,  ninth,  and  tenth  ribs. 

8.  8a.  In  the  porpoise  (Fig.  VII.)  a  web  of  superficial  fibres 
passes  from  the  first  and  second  to  the  third,  fourth,  and  fifth 
ribs  (§  74). 

9.  The  portions  of  the  internal  intercostal  muscles  between 
the  costal  cartilages.  In  birds  (Figs.  III.,  VI.)  the  muscles 
between  the  sternal  ribs  are  joined  to  those  between  the  ver- 
tebral ribs  (§§  18,  24).  In  the  porpoise  and  calf  (Figs.  VII., 
IX.),  and  the  monkey  and  pig  (Figs.  XV.,  VII.,  Archives 
of  the  Royal  Society),  the  intercartilaginous  portion  of  the  in- 
ternal intercostals  are  distinctly  separated  from  the  intercostal 
portions  (§§  48,  49,  61,  85).  In  the  seal  (Fig.  VII.)  the  first 
costal  cartilage  has  a  special  elevator  (§  62). 
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<^a,(^b.  In  birds  (Figs.  III.,  VI.)  and  in  the  chameleon 
(Fig.  II.),  triangular  muscles  arise  from  the  sternum  and  are 
inserted  into  the  sternal  ribs  (§§  23,  15). 

10.  The  serratus  posticus  superior  (§§  52,  64). 

loa.  In  the  seal  (Fig.  VIII.)  there  is  an  intermediate  ser- 
ratus posticus  (§  64). 

11.  The  serratus  posticus  inferior.  In  the  porpoise  and 
rabbit  (Figs.  VII.,  XI.)  the  superior  and  inferior  serrati  are 
blended  (§§  53,  64,  65,  75,  88). 

12.  Sterno-mastoid  (§§  59,  90). 

13.  Sterno-hyoid  (§§  59.  /i.  90)- 

14.  Sterno-thyroid  (§§  59,  71,  90). 

15.  In  the  seal  and  rabbit  (Figs.  VIII.,  XI.)  there  is  a 
depressor  of  the  first  rib  arising  from  the  sternum.  In  the 
seal  there  are,  in  addition,  depressors  of  the  second  and  third 
ribs,  which  are  indeed,  with  the  depressor  of  the  first  rib,  addi- 
tional fasciculi  of  the  external  oblique  (§  67). 

16.  The  rectus  abdominis  is  inserted  in  the  otter  and  rabbit 
(Figs.  XII.,  XI.)  into  the  first  rib  (§  67). 

i6a.  A  depressor  of  the  first  rib,  arising  from  the  aponeu- 
rosis of  the  rectus,  exists  in  the  dog  and  calf  (Figs.  X.,  IX.), 
and  the  monkey  and  ass  (Figs.  XV.,  X.,  Archives  of  the 
Royal  Society)  (§§  54,  67). 

17.  External  oblique  (§§  16,  26). 

lya.  In  the  fowl  (Fig.  III.^)  fibres  of  the  external  oblique 
arise  from  the  sternum  (§  26). 

18.  The  internal  oblique  (§§  26,  54,  66,  93). 

19.  Transversalis  (§§  11,  16,  26,  54,  60,  73,  94). 

i(^a.  In  the  fowl  there  are  sterno-costal  muscles  to  the  first, 
second,  and  third  ribs  (§  26). 

20.  Sterno-costal  muscles,  or  triangulares  sterni  (§§  68, 

73.  94). 

The  transversales  and  sterno-costals  combine  to  form  one 
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muscle  in  the  mammalia  (Figs.  XL  b,  XII.  b,  XIII.  b,  XVI.  b, 
XXVI.  Archives  of  the  Royal  Society),  and  in  a  modified  man- 
ner in  the  fowl  and  chameleon  (Figs.  III.,  II.)  (§§  68,  73,  94). 

21.  The  internal  intercostals  (§§  48,  49,  61,  85). 

21^  In  the  chameleon  and  snake  (Figs.  II.,  I.)  an  infra- 
costal muscle  passes  from  the  upper  edge  of  one  rib  to  the 
rib  but  one  above  (§§  11,  16). 

2ia.  In  the  hawk  (Fig.  IV.)  there  is  an  infra-costal  from 
the  eighth  to  the  sixth  rib. 

In  the  stormy  petrel  (Fig.  V.)  a  muscle  acts  from  the  pelvis 
on  the  lowest  rib. 

22,  23,  24.  Digastricus,  and  its  varieties. 

In  the  monkey  and  ass  (Figs.  XV.,  X.,  Archives  of  the 
Royal  Society)  the  digastricus  is  two-bellied,  as  it  is  in  man  ; 
it  is  replaced  in  the  seal  and  rabbit  (Figs.  VIII.,  XI.)  by  two 
muscles  arising  from  the  mastoid  processes  inserted,  one  into 
the  hyoid  bone,  the  other  into  the  lower  jaw  ;  and  in  the  dog 
(Fig.  X.)  by  one  muscle  to  the  lower  jaw.  The  porpoise 
(Fig.  XVI.  b,  Archives  of  the  Royal  Society)  has  a  powerful 
genio-hyoid  in  lieu  of  the  digastricus. 

27.  In  the  porpoise  (Fig.  VII.)  a  muscle  passes  from  the 
cervical  vertebrae  to  the  ribs,  resembling  a  scalenus  (§  74). 

28.  Omo-hyoid  in  the  monkey  (Fig.  XV.,  Archives  of  the 
Royal  Society). 

29.  In  the  fowl  and  stormy  petrel  (Figs.  III.  a,  IV.)  a 
muscle  acts  from  the  superior  ribs  on  the  scapula  to  raise  it 
(§  25). 

30.  The  sacro-lumbalis  is  shown  in  the  ass  (Fig.  X.,  Archives 
of  the  Royal  Society).  In  the  chameleon  and  fowl  (Fig.  II., 
III.)  an  analogous  muscle  arises  from  the  pelvis  to  be  inserted 
into  the  ribs  (§§  16,  26,  54,  66,  94). 

30.  In  the  snake  (Fig.  I.;  represents  a  series  of  muscles  that 
pass  from  rib  to  rib  and  serve  as  muscles  of  progression  (§  3). 
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31.  In  the  stormy  petrel  (Fig.  V.). 

31  and  32,  in  the  fowl  (Fig.  III.  d),  are  muscles  acting  from 
the  scapula  to  raise  the  ribs  during  inspiration  (§  25). 

31.  In  the  snake  and  chameleon  (Figs.  I.  a,  b,  II.)  are  muscles 
acting  from  the  dorsal  vertebrae  to  lower  the  ribs  (§§  11,  13, 
16). 

32.  In  the  chameleon  (Fig.  II.  b,  Archives  of  the  Royal 
Society)  are  muscles  acting  from  the  vertebrae  on  the  ribs  to 
narrow  the  chest  (§  16). 

32,  34.  In  the  snake  (Fig.  1.  b)  are  muscles  acting  from  the 
vertebrae  on  the  ribs  to  raise  them  (§  10). 

33.  In  the  snake  is  a  muscle  passing  from  rib  to  rib  near 
their  vertebral  articulations  (§  10). 

PLATE  I. 

Figs.  I.  a,  b  (Figs.  I.  c,  d,  e,  Archives  of  the  Royal  Society). 
The  muscles  of  respiration  in  the  snake  (§§  3 — 11). 

Fig.  II.  (Figs.  11.''^,  c,  d,  Archives  of  the  Royal  Society), 
The  muscles  of  respiration  in  the  chameleon  (§§  12 — 16). 

PLATE  II. 

Figs.  III.  a,  b,c.  Muscles  of  respiration  in  the  fowl  (§§  17 
—27). 

PLATE  III. 

Fig.  IV.  Muscles  of  respiration  in  the  hawk  (§§  17 — 27). 

Fig.  V,  Muscles  of  respiration  in  the  stormy  petrel. 

Fig.  VI.  a.  Muscles  of  respiration  and  ribs  of  the  swan,  as 
they  are  on  expiration.  The  sternum  is  pushed  as  near  as 
possible  to  the  spine. 

Fig.  VI.  b.  Muscles  of  respiration  and  ribs  of  the  swan,  as 
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they  are  on  inspiration.  The  sternum  is  drawn  as  far  as 
possible  from  the  spine. 

These  views  demonstrate  the  external  intercostals  to  be 
inspiratory  ;  they  are  shortened  m  Fig.  VI.  b;  and  the  internal 
intercostals  to  be  expiratory.  They  are  shortened  in  Fig. 
VI.  a  (§§  22,  25,  26). 

PLATE  IV. 

Fig.  VII.  (Fig..  XVI.  b,  c,  d,  Archives  of  the  Royal  Society). 
Muscles  of  respiration  in  the  porpoise  (§§  70 — 77). 

Fig.  VIII.  (Fig.  XII.  b,  Archives  of  the  Royal  Society). 
Muscles  of  respiration  in  the  seal  (§§  55,  &c.,  62,  67 — 69). 


PLATE  V. 

Fig.  IX.  (Fig.  IX.  b,  c,  d,  Archives  of  the  Royal  Society). 
Muscles  of  respiration  in  the  calf  (§§  36,  &c.,  43). 

Fig.  X.  (Fig.  XI.  b,  c,  d,  Archives  of  the  Royal  Society). 
Muscles  of  respiration  in  the  dog  (§§  55 — 69). 


PLATE  VI. 

Fig.  XI.  (Fig.  XII.  b,  Archives  of  the  Royal  Society). 
Muscles  of  respiration  in  the  rabbit  (§§  55,  &c.,  66,  67). 

Fig.  XII.  (Fig.  XIII.  b,  Archives  of  the  Royal  Society). 
Muscles  of  respiration  in  the  otter  (§§  55,  &c.,  67,  68). 

(Fig.  X.  a,  b,  c,  d,  e,  Archives  of  the  Royal  Society.) 
Muscles  of  respiration  in  the  ass  (§§  40 — 54). 

(Fig.  XV.  a,  b,  c,  Archives  of  the  Royal  Society.)  Muscles 
of  respiration  in  the  monkey  (§§  55,  &c.,  78). 

VOL.  I.  V 
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PLATE  VII. 

Illustrates  the  position  of  the  ribs  and  the  action  of  the  ex- 
ternal and  internal  intercostal  muscles  in  expiration  and 
inspiration  in  man. 
Fig.  XIII.  a,  b,  are  front  views. 
Fig.  XIV.  a,  b,  side  views  ;  and 

Fig.  XV.  a,  b,  dorsal  views  in  the  young  and  the  adult 
man. 

In  Figs.  XIII.  a,  XIV.  a,  XV.  a,  the  lungs  are  flaccid  (ex- 
piration). 

In  Figs.  XIII.  b,  XIV,  b,  XV.  b,  the  lungs  are  distended, 
(inspiration). 

These  views  were  taken  by  aid  of  a  tracing-frame  (§  4),  and 
reduced  by  a  pentagraph. 

These  figures  demonstrate  that  during  inspiration  (§§  i,  4) 
The  five  superior  ribs,  the  thoracic  set,  approach  each 
other. 

The  four  inferior  ribs,  the  diaphragmatic  set,  recede  con- 
siderably from  each  other. 
The  sixth,  seventh,  and  eighth  ribs,  the  intermediate  set, 

recede  slightly  from  each  other  (§  81). 
The  dorsal  arch  is  deepened  and  shortened  (§§  80,  8r). 
The  external  intercostals  of  the  thoracic  set  of  ribs  are 
throughout  inspiratory. 

The  external  intercostals  of  the  diaphragmatic  set  are,  in 
front,  expiratory  ;  behind,  inspiratory. 

The  external  intercostals  of  the  intermediate  set  are  through- 
out inspiratory,  being  feebly  so  to  the  side  (§  85). 

The  eighth  external  intercostal  is  behind  inspiratory;  to 
the  side,  expiratory ;  and  in  front,  acting  from  the  fixed  on 
the  floating  cartilage,  inspiratory. 
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The  internal  intercostals  are  all  expiratory  behind. 

The  internal  intercostals  are  inspiratory  between  the  costal 
cartilages  of  the  thoracic  set  of  ribs. 

The  internal  intercostals  are  inspiratory  between  the  ribs  of 
the  thoracic  set  in  front,  where  they  approach  each  other 
during  inspiration. 

The  internal  intercostals  between  the  diaphragmatic  and 
intermediate  sets  of  ribs  are  throughout  expiratory  (§  85). 

The  following  additional  drawings,  illustrative  of  the  paper, 
are  deposited  in  the  Archives  of  the  Royal  Society : — 
Fig.  XIX.  a,  b.  The  female  (§  97). 
Fig.  XXI.  a,  b,  and  Fig.  XXII.  a,  b.  The  child  (§  99). 
Fig.  XXIII.  a,  b,  c,  d.  The  old  man  (§  100), 
Fig.  XXIV.  The  foetus,  and 

Fig.  XXV.  The  new-born  infant  (§  98)  are  figures  of  the 
chest  in  pairs,  illustrating  the  position  of  the  ribs  and  the 
action  of  the  intercostals  in  expiration  and  in  inspiration. 

Fig.  VII.  a,  b.  The  pig, 

Fig.  VIII.  a,  b.  The  sheep, 

Fig.  X.  a,  b.  The  ass,  and 

Fig.  XI.  c,  d,  e,f.  The  dog,  are  figures  of  the  chest  in 
pairs,  illustrating  the  position  of  the  ribs  and  the  action  of 
the  intercostal  muscles  in  expiration  (the  lungs  being  flaccid), 
and  in  inspiration  (the  lungs  being  distended)  (§§  31 — 49, 
56—61). 

Fig.  XXVI.  shows  the  blending  of  the  transversales  and 
sterno-costals  in  man  to  form  one  muscle  (§  94). 

Fig.  XXVI.  a,  the  pleural  scalenus  (in  man)  (§  84)  (Fig. 
XIII.  b,  I  a). 
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III. 


ON  THE  BLOW-HOLE  OF  THE  FORPOISE.i 

The  porpoise  inspires  through  the  blow-hole  which  includes 
the  nostrils,  and  is  so  placed  that  the  animal  can  breathe  with 
only  a  very  small  portion  of  its  head  above  the  water.  A 
large  passage  leads  down  from  the  external  opening  to  two 
canals  that  pass  directly  downwards  through  the  skull, 
between  the  cranial  and  facial  bones  ;  these  nasal  canals  are 
separated  from  each  other  by  a  thin  plate  of  bone  (See  Plate, 
Fig.  I,  3-26,  27).^  The  two  canals,  after  passing  down  through 
the  skull,  coalesce  to  form  a  muscular  tube  that  opens  at  its 
lower  part  into  the  pharynx,  by  a  constricted  aperture. 
Through  this  aperture  the  mouth  of  the  larynx  rises,  after  the 
larynx  itself  has  projected  quite  through  the  pharynx, 
dividing  it  into  two  channels. 

Connected  with  the  channel  that  leads  from  the  external 
opening  down  to  the  two  bony  conduits  is  a  series  of  pouches  ; 
these  are  composed  of  aponeurotic  walls,  folded  on  themselves 
in  many  wrinkles,  so  as  to  be  capable  of  great  distension.^ 

^  From  the  Philosophical  Trajisadiom  of  the  Royal  Society  of  London 
for  1848.  By  Francis  Sibson,  Esq.  Communicated  by  Thomas  Bell, 
Esq.,  F.R.S. 

2  Fig.  I  must  be  looked  at,  not  in  the  direction  of  the  plate,  but  side- 
ways. 

3  See  Cyclopcedia  of  Anatomy,  "\.  580,  fig.  269,  Article  "  Cetacea,"  by 
Professor  Owen. 
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The  two  largest  and  most  dilatable  of  these  pouches  are 
seated  on  each  side  and  in  front  of  the  outer  passage,  into 
which  they  open  separately  (Fig.  i,  2-1). 

Deeper  than,  and  between  these  two  anterior  lateral  pouches, 
is  the  anterior  central  pouch,  which  is  placed  upon  the  com- 
bined maxillary  bones,  and  communicates  with  the  nasal 
canal  by  a  large  opening  guarded  by  two  oblong  cartilages  ; 
this  sac  has  a  muscular  coat  (Fig.  i,  2-2). 

The  openings  into  the  two  nasal  canals  are  just  behind  and 
below  this  anterior  deep  pouch. 

Immediately  above  the  apertures  of  the  two  bony  canals 
are  two  other  horizontal  apertures  that  communicate  with  two 
corrugated  dilatable  pouches  (Fig.  i,  2-3).  These  posterior 
deep  sacs  are  immediately  behind  the  external  channel,  and 
are  seated  between  it  and  the  frontal  bone  ;  their  openings 
look  downwards  to  the  bony  canals,  their  summits  rise  directly 
upwards  in  front  of  the  frontal  bones. 

The  five  pouches  are  under  complete  muscular  control. 

When  filled  their  apertures  can  be  closed,  and  their  con- 
tents retained ;  or  the  apertures  can  be  thrown  open  and 
their  contents  pressed  out. 

The  pouches,  when  distended  with  air,  doubtless  act  so  as 
to  float  the  external  opening  uppermost,  and  retain  that 
opening  above  the  surface  of  the  water  during  sleep  and 
during  the  act  of  copulation. 

The  muscles  that  open  and  close  the  blow-hole,  and  that 
act  upon  the  various  sacs,  form  one  of  the  most  complicated 
yet  most  exquisitely  adjusted  pieces  of  machinery  that  either 
nature  or  art  presents. 

The  blow-hole  is  stretched  open,  in  front,  by  two  muscles 
(Fig.  2-6)  that  act  from  the  superior  maxillary  bones,  to  draw 
forward  the  cartilaginous  mass  in  front  of  the  outer  opening  ; 
behind,  by  muscular  fibres  (Fig.  2-7)  that  act  from  the  frontal 
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bones  on  the  posterior  and  lateral  edges  of  the  blow- 
hole. 

To  close  the  blow-hole,  two  sets  of  muscular  fibres  (Fig.  2-5) 
spring  from  the  frontal  bone,  pass  obliquely  forwards  and 
inwards,  one  to  each  side  of  the  opening,  and  are  inserted 
into  the  gristly  mass  (Fig.  2-4)  in  front  of  the  blow-hole. 
When  they  act  they  draw  this  gristly  mass  forcibly  backwards, 
and  close  the  blow-hole  by  pressing  its  anterior  and  posterior 
walls  together,  and  compressing  them  against  the  posterior 
pouches  and  the  prominence  at  the  centre  of  the  frontal  bone. 

A  set  of  muscular  fibres  (Fig.  2-8)  arises  from  the  circuit  of 
a  depression  formed  on  the  cranium  to  each  side  of  the  bony 
canals  ;  these  fibres  pass  over  the  anterior  lateral  pouch, 
blending  with  the  muscles  that  close  and  open  the  blow-hole. 
On  removing  this  a  covering  of  muscular  fibres  (Fig.  2-8a) 
that  cling  round  the  sac  is  exposed  ;  these  arise  from  the 
anterior  lateral  part  of  the  superior  maxillary  bones,  and  pass 
upwards  and  backwards  to  form  a  muscular  envelope  for  the 
pouch  on  its  inner  and  posterior  surface  ;  the  fibres  return 
forwards  to  be  inserted  into  the  outer  and  anterior  walls  of  the 
blow-hole. 

A  fan-like  muscle  (Fig.  2-9)  arises  from  the  circuit  of  the 
depression  to  be  inserted  into  the  posterior  and  lateral  walls 
of  the  blow-hole  ;  this  assists  in  opening  it  by  spreading  apart 
its  walls. 

On  removing  this  fan-like  muscle  a  remarkable  series  of 
similar  fan-like  muscles  (i  i,  12, 13, 14, 15)1  is  exposed.  These  lie 
one  above  the  other,  and  arise  by  muscular  fibres  from  the 
circuit  of  the  depression  ;  the  fibres  of  each  converge  to  a 
tendinous  aponeurosis  thinner  than  paper. 

Four  or  five  of  these  fan-like  thin  muscles  may  be  removed 

1  These  numbers  refer  to  drawings  that  are  in  the  Archives  of  the 
Royal  Society. 
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by  careful  dissection,  one  after  another ;  they  act  to  expand 
different  parts  of  the  outlet  of  the  anterior  lateral  sac,  to 
draw  backwards  and  expand  the  posterior  walls  of  the  great 
respiratory  canal,  and  to  compress  the  posterior  deep  sacs. 

On  removing  these,  two  remarkable  muscles  (Fig.  i, 
Archives,  Fig.  7-22,  23)  are  brought  into  view  that  have  each 
a  double  muscular  origin,  one  from  behind  forwards  from  the 
frontal  bone  (22^',  2^a),'^  meeting  another  from  before  back- 
wards and  inwards  from  the  superior  maxillary  bone  22I;, 
23/^).^  These  two  origins  combine  in  each  to  form  a  tendon  ; 
these  tendons  (22,  23)  pass  forwards  in  front,  and  below  the 
neck  of  the  anterior  pouch,  where  they  unite  with  their  fellows  ; 
each  of  these  tendons  gives  off  a  slip  that  ascends  in  front  of 
the  neck  of  the  sac,  and  passes  over  it  to  be  inserted  into  the 
anterior  wall  of  the  outlet. 

When  the  posterior  or  frontal  bellies  of  these  muscles  act 
on  both  sides,  they  will  form  a  sling  which  will  draw  back- 
wards the  anterior  wall  of  the  breathing  canal,  and  compress 
it  against  the  posterior  wall,  thus  closing  the  canal  below  the 
openings  of  the  anterior  sacs.  They  will,  I  conceive,  at  the 
same  time,  contract  the  outlets  of  the  sacs. 

The  anterior  heads,  or  those  from  the  maxillary  bone,  will 
draw  forward  the  sling  formed  by  the  combined  muscles 
and  open  the  breathing  canal. 

These  two  muscles  cross  each  other,  so  that  in  the  same 
muscle  the  anterior  belly  is  most  superficial,  while  the  pos- 
terior belly  is  deepest. 

The  most  superficial  of  these  tendinous  slings  is  blended 
with  the  tendinous  structure  common  to  a  very  strong  pair  of 
muscles  (24).^  These  muscles  arise  from  the  superior  max- 
illary bones  to  the  side  of  the  anterior  deep  pouch,  and 
ascend  over  the  sides  of  that  pouch  to  be  inserted  into  the 

^  See  figures  in  the  Archives. 
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Strong  gristly  tendon  (Fig.  1-24)  at  the  top  of  it.  The  com- 
bined muscle  forms  a  long  arched  musculo-tendinous  bridge 
over  the  anterior  deep  sac,  that,  when  it  contracts,  compresses 
the  sac.  The  tendinous  bridge  just  described  passes  back- 
wards underneath  the  two  tendons  (Fig.  1-22,  23)  that  close 
the  deep  portion  of  the  breathing  canal ;  it  then  turns  upwards 
behind  those  tendons,  and  is  reflected  forwards  over  them  to 
form  the  insertion  of  two  other  muscles  (Fig.  2-10)  that  are 
superficial  to  the  muscles  just  described.  The  combined 
musculo-tendinous  web  formed  by  these  two  muscles  and 
their  common  tendon,  superficial  to  the  muscles  described 
above,  arches  over  the  anterior  deep  sac  ;  with  those  muscles  it 
combines  to  contract  the  anterior  deep  sac. 

A  distinct  set  of  fibres  (40)^  arises  from  the  side  of  the 
inlet  of  the  osseous  canal ;  these  fibres  pass  forwards  and  up- 
wards over  the  neck  of  the  anterior  deep  pouch,  to  be  in- 
serted into  the  central  tendinous  web  covering  that  pouch,  the 
outlet  of  which  this  muscle,  I  conceive,  contracts. 

Another  muscle,  (41)'  just  behind  this,  seems  to  have  a 
similar  function. 

The  anterior  deep  pouch  (2)  differs  from  the  other  pouches 
in  having  no  superficial  wrinkles,  and  in  having  a  regular 
muscular  coat ;  it  seems  indeed  to  be  rather  a  pouch-like  dila- 
tation of  the  breathing  canal  than  one  of  the  regular  sacs. 

Each  posterior  deep  pouch  (Fig.  i,  2-3)  is  situated  behind 
the  breathing  canal,  between  it  and  the  frontal  bone.  Its 
opening  is  horizontal,  and  looks  downwards,  and  is  half-sur- 
rounded in  front  by  a  cartilage  (Fig.  1-2 1). 

Several  fan-like,  half-pouch  formed  muscles  (16,  17,  18,  19)^ 
that  arise  from  the  frontal  bone  contract  and  empty  the  pos- 
terior pouch. 

To  contract  the  mouth  of  the  pouch  there  are  two  muscles. 
1  See  figures  in  the  Archives. 
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One  (Fig.  1-20)  springs  from  the  side  of  the  central  protube- 
rance of  the  frontal  bone,  and  forms  a  tendon  that  passes 
forAvards  and  inwards,  encircling  the  inner  side  and  front  of  the 
outlet;  it  splits  into  two  tendons,  one  of  which  (20a)  is 
inserted  into  the  outer  side  of  the  edge  of  the  bony  canal,  and 
the  other  (20)  into  the  partition  of  that  canal. 

The  other  muscle  (21)^  arises  close  to  the  insertion  of  the 
last  muscle,  takes  a  sweep  round  the  posterior  and  inner  sides 
of  the  outlet  of  the  pouch,  and  is  inserted  into  the  cartilage  at 
the  margin  of  that  outlet  in  front. 

It  appears  that  when  the  blow-hole  is  closed  the  posterior 
pouches  are  compressed  and  emptied,  while  the  anterior 
pouches  are  distended  with  air  from  the  lungs.  The  anterior 
pouches  will  then  cause  the  head  and  blow-hole  to  rise  to  the 
surface.  When  the  blow-holes  are  open  the  muscles  that 
compress  and  empty  the  anterior  sacs  likewise  expand  the 
blow-hole  ;  it  is  clear  that  the  anterior  sacs  that  may  be  filled 
when  the  blow-hole  is  closed  will  be  emptied  when  it  is  open  ; 
while  the  posterior  sacs  that  are  emptied  when  the  outer 
passage  is  closed  may  be  filled  when  the  passage  is  open . 

The  anterior  and  posterior  sacs  alternate  in  their  contraction 
and  dilatation,  the  former  being  dilated  and  the  latter  con- 
tracted when  the  outer  passage  is  closed,  and  the  latter  being 
dilated  and  the  former  contracted  when  the  outer  passage  is 
open.  Thus,  first  one  then  the  other  set  of  pouches  may  be 
dilated  with  air,  to  buoy  up  the  head. 

The  two  passages  (Figs,  i,  3-26,  27)  that  descend  through 
the  cranium  are  each  surrounded  by  a  muscular  coat  ;  they 
join  below  the  septum  (Fig.  3-27),  which  may  be  regarded  in 
the  light  of  a  vomer,  and  form  an  increasing  cylindrical 
pouch,  which  is  analogous  to  the  upper  part  of  the  pharynx 
behind  the  soft  palate.  This  pouch  contracts  suddenly,  where 
'  See  figures  in  the  Archives. 
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it  opens  into  the  pharynx  (Fig.  3-34).  Through  the  con- 
tracted outlet  or  communication  of  the  pouch-hke  channel 
with  the  pharynx  the  mouth  of  the  larynx  rises  (35).  This 
outlet  is  acted  upon,  and  the  mouth  of  the  larynx  is  com- 
pressed and  retained,  by  a  sphincter  (34).  The  whole  tube 
is  surrounded  by  oblique  fibres  (Fig.  1-27)  descending  from 
before  backwards.  Exterior  to  this  muscular  investing  coat 
is  a  strong  layer  of  muscular  fibres  (28)  that  arise  from  the 
superior  maxillary  bone,  in  front  of  the  canal,  and  descend 
downwards  and  backwards  until  they  turn  the  edge  of  the 
hard  palate ;  there  they  part  into  two  sets ;  one  set  (286) 
passes  backwards  strengthening  the  canal  behind,  another 
(28  a)  descends  a  little  forward  to  the  os  hyoides. 

The  epiglottis  (36)  is  long,  firm,  and  convex,  and  ends  in  an 
expanded  lip.  The  arytenoid  cartilages  (37,  35)  are  very 
large,  strong,  and  elongated,  being  seated  immediately  below, 
and  contiguous  to,  the  epiglottis. 

When  the  mouth  of  the  larynx  is  opened  the  long  arytenoid 
cartilages  are  drawn  downwards  from  the  epiglottis  and  apart 
from  each  other  by  the  crico-arytenoid  muscles  (39).  The 
mouth  of  the  larynx  is  closed  by  the  action  of  the  thyro- 
arytenoid (38)  drawing  the  arytenoid  cartilages  over  to  the 
epiglottis. 

The  remarkable  apparatus  described  above  forms  the 
breathing  passage  of  the  porpoise.  The  adjustments  of  the 
apparatus  are  such  that  the  animal  can  close  or  open  the 
outer  passage  either  above  or  below  the  anterior  pouches. 
When  the  outer  passage  is  closed  the  posterior  pouches  can 
be  distended  and  the  anterior  are  emptied  ;  and  when  the 
passage  is  open  the  anterior  pouches  can  be  distended  and 
the  posterior  are  emptied. 

The  pouches  evidently  serve  to  buoy  up  the  head,  so  that 
when  the  porpoise  rises  from  the  deep  the  opening  for 
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breathing  comes  first  to  the  surface  ;  and  if  the  animal  remains 
at  the  surface,  either  in  sleep  or  in  the  act  of  coition,  the  air 
in  the  pouches  will  float  the  blow-hole  above  the  level  of  the 
water  when  the  whole  body  of  the  animal  is  below  the 
level. 

The  porpoise,  I  believe,  does  not  spout.  The  blow-hole  of 
the  whale  is  in  principle  the  same  with  that  of  the  porpoise. 
I  was  led,  some  years  since,  to  think,  from  the  examination 
of  a  rorqual,  that  the  spouting  of  the  whale  consists  in  the 
regurgitation  from  the  stomach  of  the  sea-water  that  it  must 
swallow  plentifully  with  its  food.  I  was  induced  to  form  this 
opinion  from  noticing  the  direction  of  the  first  stomach,  which 
may  be  described  as  an  expanded  pouch  of  the  oesophagus, 
and  which  is  so  placed  as  to  send  its  contents,  when  it  is  con- 
tracted, directly  upwards  through  the  oesophagus,  provided 
the  communication  be  open,  and  the  form  of  the  larynx  boat- 
shaped  below,  and  capable  of  being  completely  closed. 

Apart  from  all  speculation,  the  blow-hole  of  the  porpoise, 
forming  a  part  of  its  mechanism  of  respiration,  must  in  itself 
be  regarded  as  one  of  the  most  intricate  and  nicely-adjusted 
apparatus  that  has  yet  been  observed. 


Description  of  the  Plate. 

Fig.  I.  (Must  be  looked  at,  not  in  the  direction  of  the 
plate,  but  sideways.)  It  represents  the  cranium  of  the 
porpoise,  a  section  of  the  blow-hole  or  nasal  canal,  and  the 
sacs. 

Fig.  2.  The  cranium  of  the  porpoise  with  the  muscles  that 
close  and  open  the  blow-hole,  and  also  those  acting  upon  and 
emptying  the  sacs. 
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Fig.  3.  A  section  of  the  pharynx  and  of  the  naso-pharyn- 


FlG.  t. 


geal  canal  leading  from  the  larynx  to  the  nostrils,  exhibiting 
the  larynx. 
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Besides  the  engraved  figures  there  are  five  others  deposited 
in  the  Archives  of  the  Royal  Society,  exhibiting,  in  various 
stages  of  their  dissection,  the  muscles  that  act  upon  the  sacs 
and  the  passages  of  the  blow-hole. 


Fig.  2. 


The  same  numbers  refer  to  the  same  parts  in  all  the 
figures, 

Nos.  I,  I.  Figs,  r,  2  (Figs.  4,  8,  Archives  of  the  Royal 
Society).  The  two  anterior  superior  lateral  sacs.  Membranous. 

No.  2.  Figs.  I,  2  (Figs.  7,8,  Archives  of  the  Royal  Society). 
The  anterior  inferior  sac.  Muscular. 
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Nos.  3,  3.  Figs.  I,  2  (Fig.  8,  Archives  of  the  Royal 
Society).  The  two  posterior  sacs.  Membranous.  The  sacs 
communicate  with  the  nasal  canal. 

No.  4.  Fig.  2.  Semicartilaginous  mass  in  front  of  the  blow- 
hole. 


Fig.  3. 


No.  5,  Fig.  2.  Muscle,  arising  from  the  frontal  bone, 
inserted  into  the  semicartilaginous  mass  (4)  in  front  of  the 
blow-hole ;  with  its  fellow  it  draws  that  mass  backwards  to 
close  the  blow-hole. 
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No.  6.  Fig.  2.  Muscle  that,  with  its  fellow,  opens  the  blow- 
hole by  drawing  forwards  the  semicartilaginous  mass  in  front 
of  the  blow-hole. 

No.  7.  Fig.  2.  Muscle  that  dilates  the  outlet  by  drawing 
backwards  its  posterior  wall. 

No.  8.  Fig.  2.  Muscle  that  compresses  and  empties  the 
anterior  superior  sac  (i). 

No.  8a.  Fig.  2.  Deeper  muscle  that  envelopes,  compresses 
and  empties  the  anterior  superior  sac,  and  dilates  the  outlet  of 
the  blow-hole  by  drawing  forwards  and  sideways  its  anterior 
and  lateral  walls. 

No.  9.  Fig.  2.  Fan-shaped  muscle  that  dilates  the  blow- 
hole by  drawing  backwards  and  outwards  its  posterior  and 
lateral  walls. 

No.  10.  Fig.  2.  Muscle  that,  with  its  fellow,  arches 
over,  compresses  and  empties  the  deep  anterior  sac  (2). 

Nos.  II,  12,  13,  14,  15  (Figs.  4,  5,  6,  Archives  of  the  Royal 
Society).  The  dilators  of  the  nasal  canal.  Fan-shaped 
muscles  that  arise,  like  No.  9,  from  the  circumference  of  the 
fronto-facial  ridge,  and  are  inserted  into  and  expand  various 
portions  of  the  walls  of  the  nasal  canal. 

Nos.  16,  17,  18,  19  (Figs.  6,  7,  8,  Archives  of  the  Royal 
Society).    Compressors  of  the  posterior  sacs  (3). 

No.  20.  Fig.  I  (Fig.  8,  Archives  of  the  Royal  Society). 
Muscle  that  divides  into  two  tendons  (20  and  20a)  and 
constricts  the  opening  of  the  posterior  sacs  (3). 

No.  21.  Fig.  I.  Cartilage  in  front  of  the  opening  of  the 
posterior  lateral  sac  (3),  into  which  is  inserted. 

No.  2i<^  (Fig.  8,  Archives  of  the  Royal  Society).  A  deep 
muscle  that  surrounds  and  constricts  the  opening  of  the  pos- 
terior sac  (3). 

Nos.  22,  23.  Fig.  I."  Are  sections  of  the  tendons  of  the 
two  following  double-headed  muscles  22^,  22d,  2^a,  2^d. 
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Nos.  22a,  2ia  (Fig.  7,  Archives  of  the  Royal  Society). 
Are  the  two  heads  that  with  their  fellows  of  the  opposite  side 
act  from  behind  forwards  to  tighten  the  tendons  22,  23,  and  so 
close  the  nasal  canal  below  the  openings  of  the  anterior  superior 
sacs  (i),  and,  I  conceive,  constrict  the  openings  of  those  sacs. 

Nos.  22b,  2ib  (Fig.  7,  Archives  of  the  Royal  Society) 
Are  the  two  heads  that  act  from  before  backwards  to  open 
the  canal  by  relaxing  the  tendons,  22,  23  (see  p.  335). 

No.  24.  Fig.  I.  Is  the  tendon  of 

No.  2\b  (Fig.  7,  Archives  of  the  Royal  Society),  one  01 
a  pair  of  muscles  that,  like  No.  10,  Fig.  2,  arch  over  and 
compress  the  anterior  deep  sac  (2). 

Nos.  25,  25.  Fig.  I.  Oblong  cartilages,  one  to  each  side  of 
the  opening  of  the  deep  anterior  sac  (2). 

No.  26.  Fig.  I,  27.  Fig.  3.  The  vomer  separating  the  two 
nasal  canals. 

No.  27.  Fig.  I.  The  upper  portion  of  the  naso-pharyngeal 
canal. 

No.  28<r.  Fig.  3.  The  naso-pharyngeal  canal  into  which 
the  mouth  of  the  larynx  (35)  ascends  through  an  opening  in 
the  pharynx  (34). 

Nos.  28,  28^?,  28^.  Fig.  I.  Muscular  fibres  that  strengthen 
the  naso-pharyngeal  canal  and  the  pharynx. 

No.  29.  Fig.  I.  Muscle  that  descends  to  the  os  hyoides  from 
the  palatal  bone. 

No.  30.  Fig.  I.  The  anterior  part  of  the  pharynx. 

No.  31.  Fig.  I.  The  OS  hyoides. 

No.  32.  Fig.  I.  The  constrictor  of  the  pharynx. 

No.  33.  Fig.  I.  The  thyroid  cartilage. 

No.  34.  Fig.  3.  The  sphincter  of  the  opening  in  the 
pharynx,  through  which  the  larynx  communicates  with  the 
naso-pharyngeal  canal,  after  passing  through  the  pharynx  and 
dividing  it  into  two  channels. 
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No.  35.  Fig.  3.  The  mouth  of  the  larynx. 
No.  36.  Fig.  3.  The  epiglottis. 
No.  37.  Fig.  3.  The  arytenoid  cartilages. 
No.  38.  Fig.  3.  The  thyro-arytenoid  muscle. 
No.  39.  Fig.  3.  The  crico-arytenoid  muscle. 
Nos.  40,  41  (Fig.  8,   Archives  of  the  Royal  Society). 
Constrictors  of  the  mouth  of  the  deep  anterior  sac. 
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ON  THE  POSITION  OF  THE  INTERNAL  ORGANS  IN  THE 
HEALTHY  ADULT  MALE.^ 

My  aim  in  this  paper  is  to  give  the  accurate  relative 
anatomy  of  the  internal  organs,  and  more  especially  of  the 
organs  of  the  chest. 

To  convey  this,  I  trust  to  the  accompanying  drawings,^ 
which  were  taken  from  the  actual  dissection  of  healthy  adult 
male  bodies  :  they  may  be  said  to  be  their  daguerreotyped 
anatomy.  The  outlines  have  been  accurately  traced  with 
chalk,  on  a  piece  of  lace  stretched  on  a  frame,  and  placed 
over  the  body ;  these  outlines  have  been  transferred  to  paper 
by  means  of  the  manifold  letter-writer  paper,  and  have  been 
reduced  to  their  present  size  by  the  pentagraph. 

I  owe  both  the  tracing  frame  and  the  pentagraph  to  my 
friend  Dr.  Hodgkin. 

I  hope,  through  that  admirable  engraver  Mr.  Linton,  to 
give  so  complete  a  picture  of  the  internal  organs,  that  the 
mind's  eye  may  view,  as  it  were  in  the  living  man,  every 
organ  in  its  exact  place  behind  the  skin  and  parietes. 

I  shall  state  the  position  of  the  organs,  in  relation  both  to 
each  other  and  to  the  ribs  and  sternum. 

^  Published  in  the  London  Medical  Gazette,  1848,  vol.  i.  pp.  357, 
589,  754- 

'  The  engravings  in  this  paper  have  been  somewhat  and  most 
accurately  enlarged  from  my  drawings  by  the  draughtsman. 


ON  THE  POSITION  OF  THE  INTERNAL  ORGANS,  ETC.  339 

The  Sternum  is  at  once  the  centre  to  which  the  important 
ribs  converge,  and  the  key  to  the  position  of  the  lungs  and 
heart. 

If  we  place  the  finger  upon  the  lower  end  of  the  sternum, 
it  is  exactly  over  the  lower  margin  of  the  right  lung,  and  the 

Fig.  I.  Fig.  2. 


Fig.  I. — Anterior  view — superficial  organs. 

Fig.  2. — Anterior  view — the  heart  and  great  vessels  and  the  diaphragm  exposed. 


lower  boundary  of  the  heart.  If  we  draw  a  line  down  the 
middle  of  the  sternum,  from  end  to  end,  the  right  lung  is 
exactly  to  the  right  of  that  line,  and  the  left  lung  and  the 
exposed  portion  of  the  heart  to  the  left  of  it ;  and  if  we  lay 
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finger  along  the  fourth  left  cartilage,  the  left  lung  is  above 
finger,  and  the  exposed  portion  of  the  heart  below  it. 


Fig.  3.  Fig.  4. 


Fig.  3. — Lateral  view,  rijht  side.  The  lungs  reflected,  exposiiiT;  the  right  auricle, 
the  vena  cava,  aorta,  and  pulmonary  vessels,  the  trachea,  and  the  diaphragm. 

Fig.  4. — Posterior  view  :  the  lungs  reflected,  exposing — the  diaphragm  ;  the 
aorta  and  trachea  in  the  centre  ;  the  left  ventricle  to  the  left,  and  the  left 
auricle  and  vena  cava  to  the  right,  of  the  aorta.    The  kidneys  and  intestines. 


Indeed,  the  lower  end  of  the  sternum  is  as  it  were  a  centre 
around  which  the  organs  cluster:  the  right  lung  being  above 
and  to  the  right,  and  the  heart  above  and  to  the  left  of  that 
point ;  whilst  the  liver  is  below  and  to  the  right,  and,  though 
somewhat  deeper,  the  cardiac  orifice  of  the  stomach  below 
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and  to  the  left  of  it.  These  organs  indeed  radiate  as  it  were 
round  the  lower  end  of  the  sternum. 

The  ribs,  by  a  natural  division,  in  harmony  at  once  with 
their  own  forms  and  with  the  organs  they  enclose,  arrange 
themselves  into  three  groups.  The  five  upper  ribs,  each 
isolated,  each  articulating  with  the  vertebrse  behind  and 
through  their  costal  cartilages  with  the  sternum  in  front, 
enclose  the  upper  lobes :  they  form  the  highest  group,  or  the 
thoracic  set  of  ribs.  The  four  lowest  ribs,  the  lower  of  which 
have  been  strangely  called  the  false  ribs,  have  no  connection 
with  the  sternum  ;  they  give  origin  to  the  diaphragm,  and 
protect  some  of  the  abdominal  organs ;  and  when  the  dia- 
phragm acts  they  expand  the  lower  portion  of  the  chest  for 
the  reception  of  the  lung  :  they  form  the  lowest  group,  or  the 
diaphragmatic  set  of  ribs.  The  cartilages  of  the  6th,  7th, 
and  8th  ribs  combine  ;  they  have  consequently  a  common 
motion.  They,  with  the  diaphragmatic  set  of  ribs,  enclose 
the  lower  lobes  of  the  lungs,  and  protect  the  liver,  stomach, 
and  spleen.  These  ribs  form  the  middle  group,  they  partake 
of  the  function  both  of  the  thoracic  set  of  ribs  above,  and  of 
the  diaphragmatic  set  below  them,  and  they  form  the  inter- 
mediate set  of  ribs. 

Now  the  great  fact  with  regard  to  the  bony  case  of  the 
thoracic  organs  is  this,  that  the  bulk  and  outlines  of  these 
organs  are  stamped  with  something  like  precision  on  the 
thoracic  walls  :  that  the  bulk  of  each  organ  is  indicated  by 
a  prominence,  and  the  margin  of  each  organ  by  a  depression 
apparent  to  the  eye  on  those  walls.  In  truth,  there  exists  on 
the  walls  of  the  chest  a  series  of  impressions  indicating  to 
the  eye  the  organs  underneath.  This  important  fact  was  first 
insisted  upon  by  the  late  Dr.  Edwin  Harrison. 

The  exposed  portion  of  the  heart,  and  the  middle  lobe  of 
the  right  lung,  are  indicated  by  two  projections,  the  one  to 
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the  left  and  the  other  to  the  right  of  the  lower  half  of  the 
sternum.  The  lower  boundary  of  the  heart,  and  the  lower 
margin  of  the  right  lung,  are  made  apparent  by  two  depres- 
sions, the  one  crossing  the  left  and  the  other  the  right  7th  and 
6th  costal  cartilages,  just  below  the  lower  end  of  the  sternum. 
To  the  outside  of  these  depressions,  the  apex  of  the  heart 
and  the  lower  margin  of  the  right  lung  are  just  above  the  6th 
costal  cartilage. 

The  same  depressions,  which  mark  so  accurately  the  lower 
margin  of  the  right  lung,  and  the  lower  boundary  of  the 
heart,  indicate  in  like  manner  the  upper  boundary  of  the 
liver  and  stomach,  from  which  the  thoracic  organs  are  just 
separated  by  the  interposed  diaphragm.  The  liver  on  the 
right  side,  and  the  stomach  with  the  overlapping  portion  of 
liver  on  the  left  side,  are  marked  by  the  prominence  of  the 
combined  6th,  7th,  and  8th  costal  cartilages  in  front  of  them, 
and  by  the  bulging  of  the  7th,  8th,  9th,  and  loth  ribs  to  the 
side.  As  the  liver  is  usually  more  bulky  than  the  stomach 
and  spleen,  the  hepatic  bulge  on  the  right  side  is  usually 
more  marked  than  the  gastric  bulge  on  the  left ;  and  as  the 
liver  pushes  up  the  right  convexity  of  the  diaphragm  higher 
into  the  chest  than  the  stomach  and  spleen  elevate  its  left 
convexity,  the  lateral  gastric  bulge  is  not  so  high  as  the 
hepatic  bulge.  It  will  be  seen  in  the  drawings,  and  it  may  be 
still  better  observed  in  man,  that  the  upper  boundaries  of  the 
hepatic  and  gastric  bulges  do  not  exactly  correspond  with  the 
lower  margins  of  the  lungs  ;  they  are,  indeed,  about  a  rib's 
breadth  higher  than  those  margins,  and  for  a  manifest  reason. 
The  convexities  of  the  diaphragm  hollow  out  for  themselves, 
as  it  were,  a  concavity  in  the  lower  surface  of  each  lung. 
There  is  consequently  a  concave  covering  of  lung  around 
each  belly  of  the  diaphragm  ;  sitting  on  it  like  a  cap.  This 
cap  of  lung  thins  off  to  the  margin,  and  is  thicker  and  goes 
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farther  down  behind  than  in  front.  The  upper  boundaries  of 
the  hepatic  and  gastric  bulges  are  to  be  felt  by  bringing  the 
hands  firmly  downwards  from  the  axillae  pressing  them 
against  each  side  ;  they  are  higher  than  the  lower  margins  of 
the  lung,  there  being  in  fact  on  each  side  merely  interposed 
the  diaphragm,  and  a  thin  stratum  of  lung  between  the  ribs, 
and  the  liver  and  stomach.  The  circumference  of  the  com- 
bined abdominal  organs  is  in  fact  greater  than  that  of  the 
thoracic  organs,  and  the  ribs  are  consequently  bulged  out- 
wards by  the  abdominal  organs. 

From  a  glance  at  the  dorsal  view,  it  will  be  seen  that  owing 
to  the  encroachment  of  the  liver  upon  the  right  lung,  the 
lower  portion  of  the  left  lung  behind  descends  considerably 
below  the  lower  portion  of  the  right,  and  that  the  lower 
portion  of  the  right  lung  is  much  less  resonant,  on  deep  per- 
cussion, than  the  lower  portion  of  the  left.  Ignorance  of  this 
fact  might  lead  one  to  mistake  the  liver,  even  when  in  its 
normal  position,  for  the  lower  lobe  of  the  right  lung  in  a  state 
of  consolidation. 

In  children,  the  liver  and  the  other  abdominal  organs  are 
considerably  larger,  in  proportion  to  the  thoracic  organs,  than 
they  are  in  adults. 

If  the  liver  be  unusually  large,  especially  if  there  be  in  it 
adventitious  deposits  of  pus,  hydatids  or  malignant  disease, 
the  hepatic  bulge  is  greatly  enlarged,  and  the  hver  encroaches 
upwards  on  the  fight  lung,  sometimes  even  displacing  the 
heart  to  the  left. 

If  the  whole  abdomen  be  enlarged  by  ascites,  or  hy  flatu- 
lent distension  of  the  stomach  and  intestines,  then  the  cir- 
cumference of  the  whole  abdomen  is  greatly  increased  ;  the 
abdominal  organs  thrust  upwards  the  diaphragm  and  the 
bases  of  the  lungs,  and  the  contrast  between  the  abdominal 
and  thoracic  organs  becomes  very  marked. 
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But  if,  instead  of  the  abdominal  organs  being  increased  in 
bulk,  the  thoracic  organs  are  enlarged,  as  in  emphysema, 
then  the  circumference  of  the  thoracic  organs  is  often 
equal  to,  or  even  greater  than,  that  of  the  abdominal 
organs,  and  the  hepatic  and  gastric  bulges  are  no  longer 
perceptible. 

The  sternum  at  its  upper  portion  is  more  prominent  than 
the  second  and  third  costal  cartilages  to  each  side  of  it. 
This  prominence  of  the  upper  part  of  the  sternum  indicates 
the  inner  margins  of  both  lungs  behind  it,  where  they  overlap 
the  great  vessels,  and  form  over  them  a  layer  of  lung.  The 
presence  of  this  layer  of  lung  happily  prevents  the  solid 
pressure  of  the  sternum  on  the  great  vessels  during  respira- 
tion. If  the  portions  of  lungs  between  the  sternum  and 
great  vessels  be  small  or  absent,  then  the  sternum  is  at  its 
upper  part  flat,  and  on  a  level  with  the  costal  cartilages ;  if, 
on  the  other  hand,  the  interposed  layer  of  lung  be  abnor- 
mally thick,  as  in  emphysema,  then  the  upper  part  of  the 
sternum  is  unusually  prominent. 

The  apex  of  the  lung  ascends  into  the  neck,  above  the 
clavicle  and  scapula.  When  the  shoulder  is  brought  down, 
the  apex  is  from  an  inch  to  an  inch  and  a  half  above  the 
clavicle,  being  in  fact  just  below  the  head  of  the  first  rib.  It 
is  easy  to  feel  the  head  of  the  first  rib  by  placing  the  hand 
firmly  over  the  cervical  vertebra,  and  passing  it  downwards 
until  it  is  stopped  by  the  projection  of  the  first  rib,  a  little 
below  which  is  seated  the  apex  of  the  lung.  A  projection 
above  each  clavicle  and  scapula  accurately  indicates  the  apex 
of  each  lung :  this  projection  is  caused  by  the  outward  and 
downward  slant  of  the  first  rib,  which  rib  is  in  front  of  the 
trapezius,  and  is  accurately  fitted  over  the  lung.  If  the  apex 
of  one  lung  be  smaller  than  that  of  the  other,  the  projection 
over  that  apex  will  be  likewise  smaller. 
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The  knowledge  of  the  direction  of  the  septa  between  the 
lobes  is  important  in  forming  a  diagnosis  in  phthisis,  pneu- 
monia, pleuritis,  and  effusion  into  the  pleura. 

It  is  tolerably  near  the  truth  to  state,  that  the  superior  five 
ribs,  or  those  constituting  the  thoracic  set,  encircle  the  superior 
lobes.  In  truth,  the  septum  dividing  the  upper  (and  on  the 
right  side  the  upper  and  middle)  from  the  lower  lobes,  passes 
obliquely  upwards  from  below  the  fifth  rib,  and  ascends 
behind  as  high  as  the  third  or  fourth  rib;  but  for  ease  of 
recollection  and  for  reference  in  the  living  subject,  it  is  suffi- 
cient to  remember  that  the  septum  in  question  takes  the 
direction  of  the  fifth  rib. 

The  septum  between  the  upper  and  middle  lobes  of  the 
right  lung  varies  much,  but  is  usually  behind  the  third  inter- 
costal space. 

The  heart  and  the  great  vessels  occupy  the  greater  portion 
of  the  space  between  the  sternum  and  the  spinal  column.  In 
front,  interposed  between  the  sternum  and.  the  upper  and 
outer  portions  of  the  heart  and  the  great  vessels,  are  the 
anterior  margins  of  the  upper  and  middle  lobes  of  the  right 
lung,  and  the  upper  lobe  of  the  left  lung.  Behind,  as  is  well 
seen  in  the  lateral  and  dorsal  views,  the  heart  and  great  vessels 
are  separated  from  the  spine  by  the  oesophagus  and  aorta. 
The  right  auricle,  imbedded  as  it  were  in  the  right  lung, 
extends  to  the  right  of  the  sternum,  behind  the  costal  car- 
tilages. The  right  ventricle  lies  immediately  behind  the 
lower  half  of  the  sternum,  and  the  third,  fourth,  fifth,  and 
sixth  left  costal  cartilages.  The  left  ventricle  is  just  beyond 
the  right  ventricle  ;  it  lies  behind  the  fourth  and  fifth  ribs, 
close  to  their  cartilaginous  ends.  The  left  ventricle,  except 
just  at  the  apex,  is  covered  by  lung;  but  the  greater  part  of 
the  right  ventricle  is  exposed,  being  immediately  behind  the 
sternum  and  costal  cartilages,  from  the  middle  of  the  sternum 
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to  the  apex  of  the  heart,  and  from  the  fourth  costal  cartilage 
to  the  lower  boundary  of  the  heart. 

The  great  vessels  lie  side  by  side  behind  the  upper  portion 
of  the  sternum  and  the  adjoining  costal  cartilages,  a  layer  of 
lung  being  interposed.  The  aorta  lies  exactly  behind  the 
sternum,  ascending  from  the  junctions  of  the  third  cartilages, 
and  passing  slightly  from  right  to  left,  until  it  is  nearly  as 
high  as  the  upper  end  of  the  sternum.  To  the  right  of  the 
aorta  is  the  vena  cava,  to  the  left  of  it  the  pulmonary  artery : 
while  the  former  lies  behind  the  upper  part  of  the  sternum, 
the  latter  dips  below  the  aorta  behind  the  first  intercostal 
space ;  owing  to  the  greater  encroachment  of  the  vena  cava 
on  the  right  lung  than  that  of  the  pulmonary  artery  on  the 
left :  the  left  lung  has  a  somewhat  greater  bulk  at  the  upper 
p  rt  of  it  than  the  right. 

The  trachea,  as  it  passes  down  into  the  chest  in  front  of  the 
spine,  and  the  arch  of  the  aorta  as  it  bends  backwards,  adjust 
themselves  to  each  other  side  by  side  ;  while  the  aorta  bends 
to  the  left,  the  trachea  bends  to  the  right,  so  that  the  aorta 
lies  in  front  of  the  left  half  of  the  spine,  the  trachea  in  front 
of  the  right  half  of  it.  The  great  branches  come  ofif  from  the 
aorta,  in  front  of  the  fourth  dorsal  vertebra  ;  and  the  trachea, 
at  its  bifurcation,  is  in  front  of  the  fifth,  or  even  the  sixth 
dorsal  vertebra.  It  is  well  to  bear  in  mind  the  relative  bear- 
ings of  the  aorta  and  trachea,  as  the  respiratory  noises  are 
better  heard  over  the  right,  and  the  aortic  sounds  over  the 
left  side  of  the  spine. 

A  knowledge  of  the  relative  bearings  of  the  heart,  the 
great  vessels,  the  trachea  and  bronchise,  and  the  lungs  to  each 
other,  and  to  the  diaphragm,  vertebrae,  and  ribs  posteriorly, 
will  be  best  secured  by  a  careful  study  of  the  accompanying 
dorsal  view.  It  will  be  observed  that  the  left  auricle  is  in 
front  of  the  seventh  and  eighth  dorsal  vertebrae,  and  that 
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consequently  mitral  regurgitation  noises  are  heard  most  dis- 
tinctly over  those  vertebras,  while  aortic  regurgitation  noises 
are  heard  most  distinctly  over  the  third  and  fourth  dorsal 
vertebrae.  The  ventricles  rest  on  the  left  portion  of  the 
diaphragm  ;  one  obvious  reason  for  the  left  belly  of  the 
diaphragm  being  lower  than  the  right.  As  all  the  central 
thoracic  organs  are  in  front  of  the  spine,  the  deep  hollow  to 
each  side  of  the  spine  is  entirely  occupied  by  lung ;  conse- 
quently, although  in  front  the  mass  of  the  right  lung  is 
greater  than  that  of  the  left,  owing  to  the  great  encroach- 
ment of  the  heart  on  the  left  lung,  yet  behind,  the  mass  of 
the  left  lung  is  everjrwhere  equal  to  that  of  the  right  lung  ; 
and  its  base,  as  is  well  displayed  in  the  dorsal  view,  is  lower 
and  even  more  extensive. 

The  systems  of  regions  into  which  the  body  has  formerly 
been  divided  are  all,  more  or  less,  artificial  systems.  In  all 
of  them  the  regions  have  been  conventionally  staked  out  by 
certain  lines,  having  but  little  connection  either  with  the 
parietes  or  the  internal  organs.  In  one  of  these  systems 
(that  of  M.  Piorry)  the  exposed  portion  of  the  heart  is 
actually  in  four  different  regions. 

I  beg  leave  to  replace  these  artificial  systems  by  a  natural 
arrangement  of  regions  applied  to  the  thoracic  organs. 
These  regions  I  would  base  on  the  relative  anatomy  of  the 
organs,  defining  their  outlines  by  the  anatomical  outlines  of 
the  organs. 

The  three  simple  regions  are — 

The  right  and  left  pulmonic,  and  the  cardiac  regions. 

I  include  in  the  pulmonic  regions  those  parts  of  the  chest 
where  there  is  nothing  but  lung,— where,  if  a  stiletto  were 
run  through  the  body,  it  would  only  pass  through  lung.  The 
bases  of  these  pulmonic  regions  are  bounded  below  by  the 
summit  of  the  diaphragm,  which  on  the  right  side  is  almost 
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on  a  level  with  the  nipple  or  the  fifth  intercostal  space  in 
front,  and  the  eighth  rib  behind  ;  and  on  the  left  side  is  on  a 
level  with  the  fifth  rib  in  front,  and  the  ninth  rib  behind.  To 
the  inside,  the  right  pulmonic  region  is  bounded  by  the  out- 
lines of  the  right  auricle  and  the  vena  cava,  and  the  left  by 
the  outlines  of  the  left  ventricle  and  the  pulmonary  artery. 
The  ribs  constitute  the  walls  of  the  thoracic  regions. 

By  the  cardiac  region,  I  imply  that  in  which  the  heart  is  in 
contact  with  the  walls  of  the  chest,  namely,  from  the  centre 
of  the  lower  half  of  the  sternum  to  the  apex  of  the  heart,  and 
from  the  fourth  left  costal  cartilage  to  the  lower  boundary  of 
the  heart. 

Over  the  pulmonic  regions  percussion  is  absolutely  reso- 
nant ;  over  the  cardiac  region  percussion  is  absolutely  dull. 

The  other  regions  are  compound  regions,  in  which  there  are 
two  or  more  organs,  one  superficial  to  the  other.  In  all  of 
these,  a  stratum  of  lung,  of  varying  sickness,  is  superficial  to 
a  deeper  organ. 

The  compound  regions  are — 

The  pulmo-hepatic,  where  a  portion  of  lung  is  superficial 
to  the  liver. 

The  pulmo-gastric,  where  the  lung  is  superficial  to  the 
stomach, — 

The  right  and  left  pulmo-cardiac,  in  which  the  lung  is 
superficial  to  the  right  and  left  sides  of  the  heart,  and  the 

Pulmo-vasal,  whei-e  the  layer  of  lung  is  superficial  to  the 
great  vessels. 

In  all  these  compound  regions,  gentle  percussion  elicits 
pulmonic  resonance,  while  deep  percussion  is  either  damped 
by  the  solid  viscera,  the  hver,  heart,  and  great  vessels,  or  is 
made  ringing  by  the  hollow  resonance  of  the  stomach. 

If  we  know  the  relative  anatomy  of  the  organs,  we  at  the 
same  time  necessarily  know  the  natural  system  of  regions. 
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On  the  old  systems  we  have  to  learn  the  relative  position 
of  the  organs,  and  then,  in  addition,  the  artificial  regions. 

In  discarding  these  systems,  I  would  retain  certain  useful 
epithets  as  applied  to  certain  spaces, — such  as  the  supra-  and 
infra-clavicular  spaces,  and  the  supra-  and  inter-scapular 
spaces. 

On  a  deep  inspiration,  the  dimensions  and  position  of  the 
regions  change,  and  in  disease  the  regions  acquire  an  ab- 
normal position  and  size  ;  so  that  in  speaking  of  the  cardiac 
region  in  pericardial  effusion,  we  should  say  that  the  cardiac 
region  is  enlarged. 

If  we  know  the  position  of  the  organs, — the  natural  system 
of  regions, — we  at  the  same  time  know  the  normal  distribu- 
tion of  the  vocal  fremitus  :  the  greater  the  bulk  of  the  lung, 
the  greater  is  the  fremitus ;  the  smaller  the  portion  of  the 
lung,  the  fainter  is  the  fremitus ;  while,  if  the  lung  be  absent, 
the  fremitus  is  absent  likewise.  Consequently,  the  vocal 
fremitus  is  behind  equal  on  both  sides,  but  in  front  it  is  more 
marked  over  the  right  lung  than  over  the  left ;  it  is  fainter 
over  the  compound  than  over  the  simple  regions,  and  is 
absolutely  wanting  over  the  cardiac  region,  the  liver,  and 
stomach. 

It  has  been  my  object  in  this  paper  to  state  the  average 
position,  in  the  healthy  adult  male,  of  the  internal  organs  in 
relation  to  each  other  and  to  the  external  parietes. 
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On  THE  Position  of  the  Internal  Organs  during  a 
Deep  Inspiration,  in  relation  to  Pathology  and 
Diagnosis. 

I.  General  Effect  of  a  Deep  Inspiration  on  the  Position  of  the 

Ribs  and  Viscera. 

On  a  deep  inspiration,  every  part  of  the  cavity  containing 
the  heart  and  lungs  is  expanded  ;  the  costal  walls  move  out- 
wards in  every  direction  ;  the  sternum  moves  forwards  and 
the  spinal  column  backwards,  and  the  diaphragm  descends. 

The  expansion  of  the  thoracic  wall,  and,  to  a  much  greater 
extent,  the  descent  of  the  diaphragm,  materially  modify  the 
position,  not  only  of  the  lungs  and  heart,  but  also  of  all  the 
abdominal,  and  even  the  pelvic,  viscera. 

The  diaphragm  draws  downwards,  in  its  descent,  the  heart 
with  its  great  vessels,  and  the  lungs  with  the  trachea  and 
larynx,  and  at  the  same  time  pushes  downwards  the  whole 
abdominal  viscera.  The  base  of  each  lung  and  the  lower 
portion  of  the  heart  fill  up  an  extensive  space  previously 
occupied  by  the  liver,  stomach,  and  spleen.  The  displace- 
ment downwards  of  these  viscera  displaces  in  turn  every  other 
abdominal  viscus,  including  the  intestines,  the  pancreas,  and 
kidneys,  and  even  the  uterus,  and  other  pelvic  viscera,  and 
the  perinaeum. 

An  exact  knowledge  of  the  form  of  the  chest  and  the 
direction  of  the  ribs,  and  of  the  position  of  the  thoracic  and 
abdominal  organs,  is  an  important  aid  in  the  diagnosis  of 
many  diseases  of  the  internal  organs. 

In  emphysema  and  bronchitis— diseases  in  which  the  lungs 
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are  permanently  expanded — the  walls  of  the  chest  have  at  all 
times  tlie  form,  and  the  internal  organs  the  position,  that  they 
have  on  a  deep  inspiration.  In  pneumonia  of  the  lower  lobe 
of  one  lung,  that  lobe  is  often  distended  to  the  utmost, 
assuming  the  size,  and  the  thoracic  walls  superficial  to  it 
having  the  form,  that  they  have  on  inspiring  deeply.  On  the 
other  hand,  if  there  be  pleuritic  effusion  or  enlarged  liver,  the 
position  of  the  organs  and  the  form  of  the  thoracic  walls  are 
materially  altered  :  they  have,  indeed,  a  position  and  form 
quite  different  from  what  they  have  either  on  ordinary  or 
deep  inspiration. 

2.  Vahie  of  the  Knowledge  of  this  in  the  Diagnosis  of  Emphy- 

sema, Pneumonia,  Phthisis,  and  other  Chest-diseases. 

If  any  portion  of  the  lung  be  diseased,  the  function  of  that 
portion  will  be  diminished  or  destroyed,  and  the  respiratory 
movements  over  that  portion  will  be  lessened,  obliterated,  or 
reversed.  If  we  know  the  exact  healthy  movements  of 
respiration,  we  can  readily  detect  any  morbid  change  in  those 
movements.  Where  we  find  the  motion  deficient,  there  we 
look  for  disease. 

3.  The  Ribs  elevated  during  Inspiration — The  Upper  Ribs 
approach,  the  Lower  recede  from,  each  other — Motion  of  the 
Sternum  and  the  Ribs  in  front, — of  the  Vertebrcs  and  the 
Ribs  behind. 

During  inspiration  the  ribs  are  all  raised,  the  superior  ribs 
being  more  elevated  than  the  inferior;  their  anterior  extremi- 
ties at  the  same  time  move  forwards,  the  sternum  is  elevated 
and  pushed  forwards  by  the  elevation  and  forward  movement 
of  the  anterior  extremities  of  the  ribs. 
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While  the  anterior  portions  of  the  ribs  move  forwards, 
pushing  forwards  the  sternum,  their  posterior  extremities 
move  backwards,  and  push  backwards  the  spinal  column. 

If  the  motion  of  the  ribs  during  inspiration  be  accurately 
observed  in  a  man  free  from  fat,  it  will  be  noticed  that  the 
superior  ribs  (the  thoracic  set)  come  nearer  to  each  other ; 
while  the  inferior  ribs  (the  diaphragmatic  set)  move  further 
apart.  By  this  happy  arrangement,  the  costal  walls  are 
lengthened — as,  while  the  twelfth  rib  is  almost  stationary,  the 
first  rib  is  considerably  elevated,  the  distance  between  these 
two  extreme  ribs  being  therefore  increased.  Any  one  may 
easily  test  this  observation  either  on  himself  or  on  others. 


4.  The  Deepening  of  the  Dorsal  Arch  and  Shortening  of  the 

Spine. 

As  I  have  explained  in  a  paper  on  the  "Mechanism  of 
Respiration,"  in  the  Philosophical  Transactions  for  1846,  it  is 
owing  to  the  existence  in  the  spinal  column  of  a  somewhat 
movable  dorsal  arch,  that  the  upper  ribs  approach  while  the 
lower  ribs  recede  from  each  other  during  inspiration. 

The  6th,  7th,  and  8th  ribs  (the  intermediate  set)  are  the 
longest :  they  have  consequently  the  greatest  motion  ;  and 
as  they  articulate  with  the  dorsal  vertebrae  at  the  centre 
of  the  dorsal  arch,  their  backward  thrust  during  inspiration 
deepens  that  arch.  As  the  arch  is  deepened,  it  is  necessarily 
shortened.  This  shortening  of  the  spinal  column  during 
inspiration  is  very  perceptible  in  persons  suffering  from 
dyspnoea,  when  lying  on  the  side ;  in  them  the  head,  during 
each  inspiration,  moves  forwards  and  downwards.  In  children 
with  hooping-cough,  and  in  those  affected  with  emphysema 
and  bronchitis,  the  dorsal  arch  is  permanently  deepened. 
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Such  persons  have,  indeed,  to  a  certain  extent,  a  posterior 
dorsal  curvature  characteristic  of  their  disease. 

In  every  one  the  spinal  column  is  shortened  on  breathing 
deeply :  the  mistaken  supposition  to  the  contrary  must  have 
arisen  from  the  simultaneous  elevation  of  the  shoulders.  The 
shoulders  are  raised  during  each  inspiration,  so  that  the 
scapulae  and  clavicles  may  be  drawn  away  from  the  ribs  to 
permit  their  elevation.  On  the  other  hand,  during  expiration 
the  powerful  latissimi  dorsi  pull  downward  the  scapulae,  so 
that  they  press  downwards  and  inwards  the  contiguous  ribs. 

5.  Difference  in  the  Respiration  of  Males  and  Females. 

In  females,  the  respiration,  due  to  the  ascent  of  the  thoracic 
ribs,  is  greater  than  that  from  the  descent  of  the  diaphragm. 
This  I  conceive  is  due  to  the  tight  stays  so  often  worn,  which 
prevent  the  free  expansion  and  descent  of  the  lower  lobes ; 
to  compensate,  the  expansion  of  the  upper  lobes  is  in  excess. 
The  motion  of  the  thoracic  set  of  ribs  is  in  excess  in  females  ; 
and  in  them  the  elevation  of  the  scapula  in  ordinary  respira- 
tion is  much  greater  than  in  males.  In  males,  indeed,  ordi- 
nary respiration  is  chiefly  carried  on  by  the  descent  of  the 
diaphragm  and  the  expansion  of  the  lower  lobe  ;  the  eleva- 
tion of  the  thoracic  ribs  and  of  the  scapulae  being  but  very 
slight. 

In  persons  suffering  from  dyspnoea,  the  inspiratory  ele- 
vation of  the  scapulae  is  so  great  as  to  characterise  the 
affection. 

So  long  as  the  sternum  is  not  consolidated  into  one  piece, 
the  middle  of  it  moves  forward,  during  inspiration,  to  a 
greater  extent  than  either  the  upper  or  the  lower  end,  and 
the  sternal,  like  the  vertebral  arch,  is  deepened.  In  emphy- 
sema, the  sternum  is  generally  remarkably  arched. 
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The  costal  cartilages  to  each  side  of  the  lower  half  of  the 
sternum,  besides  being  raised,  become  more  prominent  on 
inspiration. 


6.  Diminished  Action  of  the  Upper  Lobes  in  Phthisis. 

As  the  five  superior  ribs  (the  thoracic  set)  embrace  the 
upper  and  middle  lobes,  we  may  estimate  the  expansion  of 
those  lobes  by  the  amount  of  motion  of  those  ribs.  If  the 
right  thoracic  set  of  ribs  move  more  freely,  and  the  right 
shoulder  is  more  elevated  than  the  left,  we  shall,  in  a  case  of 
phthisis,  anticipate  a  greater  amount  of  disease  in  the  left 
upper  lobe  than  the  right. 


7.  DiminisJied  Action   of  the  6th,  Jih,  and  Zth  Ribs  in 
Pneumonia  and  Heart  Disease. 

The  combined  costal  cartilages  of  the  6th,  7th,  and  8th  ribs 
(the  intermediate  set)  are  raised  during  inspiration  ;  the  angle 
formed  below  the  sternum,  between  the  cartilages  of  the 
opposite  sides,  becomes  consequently  more  obtuse. 

If,  from  disease  of  the  lower  portion  of  the  upper  lobe,  or 
the  upper  portion  or  bulk  of  the  lower  lobe  of  the  right  lung, 
those  portions  do  not  expand  during  inspiration,  then  the 
cartilages  of  the  6th,  7th,  and  8th  ribs  will  be  stationary,  or 
have  a  slight  or  even  a  reversed  motion,  while  those  of  the 
healthy  side  will  be  elevated. 

As  the  exposed  portion  of  the  heart  (the  cardiac  region), 
occupies  the  space  between  the  4th,  5th,  and  6th  costal 
cartilages  on  the  left  side,  a  space  occupied  by  lung  on  the 
right  side,  the  inspiratory  motion  of  those  cartilages  and  their 
ribs  is  not  quite  so  great  on  the  left  side  as  the  right.  If 
the  heart  be  diseased,  or  if  pericarditis  exist,  then  the  motion 
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of  the  left  4th,  5th,  and  6th  ribs,  and  their  cartilages,  is 
materially  lessened. 

8.  Influence  of  the  Diaphragm  on  the  Hearts  I nt pulse. 

The  diaphragm  descends  in  every  degree  of  inspiratory 
action  ;  in  tranquil  respiration  its  action  far  outweighs  that 
of  the  thoracic  set  of  ribs.  The  deeper  the  inspiration,  the 
greater  the  descent  of  the  diaphragm.  Extraordinary  in- 
accuracies have  been  given  currency  to  on  this  point ;  it 
having  been  asserted  that  the  diaphragm  has  little  or  no 
descent  on  a  deep  inspiration.  That  this  is  fallacious,  any 
one  may  readily  convince  himself  The  lungs,  on  a  deep 
inspiration,  in  the  healthy  adult,  descend  at  least  one  inch, 
often  more.  The  test  of  this  is  easy.  Percuss  over  the  lower 
margin  of  the  right  lung  just  above  the  liver  in  a  healthy 
person,  lying  tranquilly  in  bed,  and  mark  the  lower  margin 
on  the  skin.  Then  desire  him  to  take  as  deep  a  breath  as  he 
can,  and  to  hold  his  breath  as  long  as  he  can  ;  continue  the 
percussion  downwards,  and  it  will  be  found  that  the  dulness 
there  previously  occasioned  by  the  presence  of  the  liver  will 
now  give  place  to  pulmonic  resonance,  which  will  extend 
down  to  the  seventh  rib,  one  clear  inch  lower  than  in  the 
tranquil  state,  when  the  lower  margin  of  the  lung  was  behind 
the  upper  margin  of  the  sixth  rib. 

At  the  same  time  that  the  descent  of  the  diaphragm  draws 
down  and  flattens  the  base  of  each  lung,  it  also  draws  down 
the  heart  to  the  extent  of  three-fourths  of  an  inch  or  an  inch  ; 
the  greater  portion  of  the  space  previously  occupied  by  the 
heart  being  now  occupied  by  the  expanded  lung.  This 
descent  of  the  heart  may  be  easily  tested  by  comparative 
percussion  during  tranquil  breathing,  and  when  holding  a 
deep  breath.    It  will  be  found  that  the  whole  cardiac  region 
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(the  exposed  portion  of  the  heart),  namely,  from  the  fourth 
left  costal  cartilage  to  the  sixth,  instead  of  being  dull 
is  now  universally  resonant  on  shallow  percussion.  The 
exposed  portion  of  the  heart  is  altogether  lessened,  being 
now  in  great  part  covered  by  the  amplified  left  lung;  being 
reduced,  in  fact,  from  eight  or  nine  square  inches,  to  two  or 
three ;  the  relative  diameters  being  three  inches  by  two  and  a 
half  in  the  tranquil  state,  and  two  inches  by  one  and  a  half 
on  a  deep  inspiration.  It  will  also  be  observed,  that  the 
impulse  of  the  apex  of  the  heart,  which  was  before  felt 
JDetween  the  5th  and  6th  ribs,  is  no  longer  perceptible  ;  and, 
that  instead,  a  steady  and  firm  impulse,  due  to  the  right 
ventricle,  formerly  behind  the  4th,  5th,  and  6th  cartilages  is 
now  felt  and  seen  below  the  xiphoid  cartilage.  We  have 
thus  the  knowledge  that,  on  a  deep  inspiration,  the  descent  of 
the  diaphragm  causes  the  descent  both  of  the  lungs  and  the 
heart,  to  the  extent  of  about  an  inch. 

In  emphysema  and  bronchitis  the  impulse  of  the  heart  is 
no  longer  to  be  felt  between  the  fifth  and  sixth  ribs,  but  it  is 
to  be  seen  and  felt  below  the  xiphoid  cartilage.  Indeed,  by 
seeing  this  sign  alone,  by  simply  seeing  the  heart's  impulse  in 
the  epigastric  space,  we  can  almost  confidently  anticipate 
emphysema  or  bronchitis.  The  lower  margins  of  the  lungs 
will  in  those  diseases  be  lowered  to  the  seventh  rib  or  inter- 
costal space. 

9.  The  Motion  of  the  Lower  Ribs  lessened  in  Pneumonia  and 

Peritonitis, 

The  lower  ribs— the  9th,  loth,  nth,  and  12th— which  in 
the  tranquil  state  chiefly  protect  the  liver,  spleen,  and 
stomach,  expand,  during  a  deep  inspiration,  the  lower  part  of 
the  chest  to  embrace  the  lower  lobes  of  the  lungs  during  the 
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descent  of  the  diaphragm  ;  and  they  form  the  diaphragmatic 
set  of  ribs.  If  we  find  their  motion  lessened,  arrested,  or 
reversed  on  either  side,  we  shall  suspect  disease  of  the  lowest 
portion  of  the  corresponding  lung.  The  deficient  motion  of 
these  ribs  also  indicates  (if  both  sides  be  motionless)  peri- 
tonitis,— as  in  peritonitis  the  motion  of  the  diaphragm  is 
slight ;  or,  if  the  motion  of  the  right  side  be  restrained, 
enlarged  and  diseased  liver  is  to  be  suspected. 

10.  Action  of  the  Diaphragm  on  the  Abdominal  and  Pelvic 

Viscera. 

Owing  to  the  inspiratory  descent  of  the  diaphragm,  the 
abdominal  organs  all  necessarily  take  up  a  lower  position. 
The  diaphragm,  especially  the  right  belly  of  it,  instead  of 
being  convex,  becomes  nearly  flattened.  The  liver  is  con- 
sequently firmly  compressed  downwards  and  forwards  to  a 
great  extent ;  and  the  stomach  and  spleen,  and  other  ab- 
dominal viscera,  to  a  less  extent,  by  the  descent  of  the 
diaphragm.  By  this  physical  pressure,  during  inspiration,  on 
the  abdominal  organs,  much  of  the  blood  in  the  liver  is 
pressed  out  through  the  cava  into  the  heart, — the  space  for 
which  is  enlarged  by  the  descent  of  the  diaphragm,  and  the 
costal  expansion.  The  spleen  and  kidneys  are  similarly 
acted  upon  in  a  slighter  degree.  The  stomach,  and  to  a  lesser 
extent  the  intestines,  are  alternately  compressed  during 
inspiration,  and  expanded  during  expiration, — movements, 
doubtless,  of  physiological  importance  to  the  healthy  func- 
tions of  those  organs. 

Dr.  Frederick  Bird  informs  me,  that  he  finds  that  the  uterus 
descends  regularly  during  each  inspiration.  If  we  sit  upright 
and  breathe  deeply,  we  shall  feel  that  the  perinaeal  protrusion 
is  increased  during  a  deep  inspiration.    It  will  be  noticed 
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that  the  powerful  efforts  of  the  abdominal  muscles,  when  the 
glottis  is  closed,  to  expel  the  faeces,  and  above  all  the  foetus, 
are  materially  strengthened  by  first  drawing  as  deep  a  breath 
as  possible,  before  closing  the  glottis  and  making  the  expul- 
sive efforts. 


Fig.  5. — From  a  Healthy  Adult  Male. 


The  luhgs  not  distended.  (The  trachea  was  tied  before  the  lungs  were  ex- 
posed.) 

The  lungs  and  heart  are  seen  through  the  intercostal  spaces. 
The  live'r  and  stomach  are  seen  below  the  costal  cartilages. 

I  need  not  say,  that  neither  drawings,  though  so  admirably 
engraved  as  these  are  by  Mr.  Linton,  nor  descriptions,  how- 
ever graphic  or  true,  will  convey  to  the  mind,  with  living 
force,  the  knowledge  of  the  changes  effected  by  a  deep  in- 
spiration on  the  walls  of  the  chest  and  abdomen,  and  on  the 
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position  of  the  internal  organs.  These  can  but  be  indicated, 
and  the  true  knowledge  of  them  every  man  must  work  out 
for  himself,  on  the  healthy  living  body,  by  close  observation. 
If  possible,  such  should  be  preceded  by  accurate  observations 


Fig.  6. — From  the  same  Subject  as  Fig.  5. 
The  lungs  are  distended  to  the  full. 

The  engraving  shows  the  changes  in  position  of  the  ribs  and  viscera  where  the 
lungs  are  distended  (as  in  a  deep  inspiration). 
The  lungs  are  everywhere  enlarged. 

The  exposed  portion  of  the  heart  is  lessened  and  lowered. 
The  liver  and  stomach  are  pushed  downwards. 

on  the  dead  body, — made  before  and  after  the  inflation  of  the 
lung. 

The  knowledge  so  earned  will  be  of  essential  diagnostic 
value,  both  positive  and  negative. 
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If  we  observe  that  both  sides  of  the  chest  move  equally 
and  normally,  both  as  to  the  amount  of  expansion  and  the 
relative  duration  of  the  acts  of  expiration  and  inspiration, 
and  that  the  healthy  increase  of  the  movement  of  the 
parietes,  and  the  descent  of  the  organs,  takes  place  on  the 
deepest  possible  inspiration,  at  once  shut  out  all  thoracic 
disease. 

If  the  impulse  of  the  heart  is  in  its  normal  place — between 
the  fifth  and  sixth  rids— and  the  walls  of  the  chest  and  the 
intestinal  viscera  have  not  the  form  and  position  that  they 
have  in  a  deep  inspiration,  we  shut  out  emphysema  and 
bronchitis,  and  some  other  maladies. 

The  positive  signs  of  disease  have  been  here  and  there 
hinted  at  :  they  will  be  further  developed  in  successive 
papers. 


On  the  External  Signs  of  the  Position  of  the 

Lungs  and  Heart. 

I.  Surface  of  the  Chest— the  upper  third  of  the  Sternum 
prominent — the  two  lower  thirds  hollow  between  the  two 
anterior  pectoral  prominences,  of  which  the  left  is  the 
fullest. 

In  the  healthy  robust  man  the  well-formed  chest  has 
certain  prominences  and  depressions  indicating  the  organs 
underneath.  The  following  are  the  characteristics  of  a  well- 
formed  chest :— the  sternum  is  gently  arched,  advances  gra- 
dually forward  from  the  upper  end,  and  is  most  prominent 
about  the  junction  of  the  fourth  and  fifth  costal  cartilages, 
thence  the  lower  end  of  it  is  either  vertical  or  falls  slightly 
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backwards  ;  the  upper  third  of  the  sternum  is  more  pro- 
minent than  the  second  costal  cartilage  to  each  side  of  it, 
while  its  lower  two-thirds  form  a  hollow  between  the  third, 
fourth,  and  fifth  costal  cartilages  of  each  side,  which  project 
beyond  the  sternum  between  them,  and  form  the  two  anterior 
pectoral  prominences.  Although  the  sternum  advances  from 
above  downwards,  yet  the  increasing  prominence  of  the  ribs 
is  considerably  greater  than  that  of  the  sternum  ;  conse- 
quently the  upper  third  of  the  sternum  is  the  centre  of  a  pro- 
minence, while  the  two  lower  thirds  of  it  form  the  centre  of 
a  depression.  The  right  thoracic  prominence  formed  by  the 
third,  fourth,  and  fifth  costal  cartilages,  is  in  front  of  the 
middle  lobe,  while  the  left  thoracic  prominence  is  in  front  of 
the  exposed  portion  of  the  heart  (the  cardiac  region).  The 
left  thoracic  prominence  in  front  of  the  heart  projects  more, 
and  is  fuller,  than  the  right  prominence  in  front  of  the  middle 
lobe  of  the  right  lung. 


2.  Dep7'essions  indicating  the  Lower  Outlines  of  the  Right 

Lung  a?td  Heart. 

A  depression  crosses  each  seventh  and  sixth  costal  car- 
tilages from  the  lower  end  of  the  sternum  to  the  fifth  inter- 
costal space.  These  depressions  are  just  below  the  thoracic 
prominences  ;  the  right  depression  exactly  indicates  the  lower 
margin  of  the  right  lung,  while  the  left  depression  indicates 
the  lower  boundary  of  the  heart.  The  anterior  surface  of  the 
chest  just  described  is  that  of  the  true  thorax,  which  contains 
the  thoracic  organs,  and  is  formed  in  front  by  the  five  superior 
or  the  thoracic  set  of  ribs. 
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3.  Hepatic  and  Gastric  Bulges. 

The  right  and  left  sixth,  seventh,  and  eighth  costal  car- 
tilages, which  are  in  front  of  the  liver  and  stomach,  are 
conjoined,  and  branch  off  on  each  side  from  the  lower  end 
of  the  sternum, — having  between  them  the  xiphoid  cartilage 
and  the  abdominal  muscles.  They  are  usually  set  at  such  a 
distance  from  each  other  that  there  is,  just  below  the  sternum, 
an  angle  of  ninety  degrees  between  them.  In  general,  each 
seventh  costal  cartilage  projects  gradually  and  slightly  for- 
wards from  the  lower  end  of  the  sternum  to  the  eighth  costal 
cartilage.  This  projection  ought  not  to  be  greater  than  that 
formed  by  the  third,  fourth,  and  fifth  costal  cartilages.  In 
some  healthy  persons  they  are  quite  vertical,  and  in  a  few 
they  slope  backwards.  Their  amount  of  prominence  depends 
on  the  development  of  the  abdominal  viscera.  If  the  liver  be 
large,  those  of  the  right  side  may  be  the  most  prominent ; 
while  if  the  stomach  be  distended,  those  on  the  left  side.  It 
is  usual  to  find  the  seventh  and  eighth  costal  cartilages,  or 
those  of  the  intermediate  set  of  ribs,  equally  prominent  on 
both  sides,  but  the  circumference  of  the  right  side  of  the 
chest  from  the  lower  end  of  the  sternum  to  the  dorsum,  is 
usually  nearly  half  an  inch  greater  than  that  of  the  left  side. 
This  predominant  size  of  the  right  side  is,  I  am  convinced, 
owing  to  the  presence  of  the  liver. 

4.  Diameter  of  the  Chest. 

The  diameter  of  the  chest  from  side  to  side  is  greater  than 
that  from  sternum  to  vertebrje.  The  breadth  of  the  chest  over 
the  lungs  from  fifth  rib  to  fifth  rib  is  smaller  than  that  over 
the  liver,  spleen,  and  stomach,  from  eighth  rib  to  eighth  rib. 
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When  the  abdomen  is  large,  the  hepatic  and  gastric  bulges 
are  prominent  and  full  ;  but  if  the  chest  be  well  developed 
and  the  abdomen  small,  then  the  bulges  are  scarcely  ap- 
parent. 

5.  Prominent  Sternum  due  to  Rickets  in  Childhood. 

The  type  of  form  just  described  may  be  seen  in  most 
healthy  labourers — on  the  Apollo  and  the  Hercules.  It  is 
the  most  usual  form  in  healthy  robust  people,  but  minor 
modifications  are  consistent  with  perfect  health,  I  beg  to 
refer  to  the  elaborate  work  of  M.  Voillez  for  many  details  of 
such  "  heteromorphous  "  modifications. 

The  right  third,  fourth,  and  fifth  costal  cartilages  may  be 
more  prominent  than  the  left,  abruptly  prominent.  The  fifth, 
sixth,  seventh,  and  eighth  ribs  may  be  hollow  at  the  sides,  and 
the  cartilages  of  those  ribs  and  the  sternum  may  be  unusually 
prominent.  This  is  a  true  malformation,  springing  up  in 
childhood.  In  rickety  children,  the  ribs  and  cartilages  yield 
to  the  pressure  of  the  atmosphere  when  the  diaphragm  draws 
down  the  bulky  abdominal  organs  and  replaces  them  by  the 
smaller  thoracic  organs.  The  ribs  are  pressed  in  on  each 
side  during  inspiration,  and  though  the  ribs  and  cartilages 
become  firmer,  and  no  longer  yield  as  life  advances  and 
health  becomes  confirmed,  yet  the  ribs  take  the  set  they 
acquire  in  childhood,  and  keep  it  for  lifetime — a  history  of 
the  weakness  of  childhood.  Breathing  goes  on  without  ap- 
parent obstruction  in  such  persons  whose  health  is  good, 
although  they  retain  the  malformation  acquired  in  their 
period  of  weakness. 
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6.  The  Chest  often  flattens,  though  the  Chest  be  sound,  during 

general  illness. 

It  is  to  be  remarked  that  the  type  of  healthy  form  de- 
scribed above  only  relates  to  those  in  robust  health — where 
the  bodily  powers  are  exercised,  and  where  respiration  is 
full  and  free.  In  such,  the  chest  always  contains  an  ample 
supply  of  air :  the  amount  taken  in  and  expired  during  each 
respiration  is  perhaps  no  more  than  between  a  fifth  and  a 
tenth  of  the  amount  remaining  at  all  times  in  the  lungs.  The 
mass  of  blood  is  great,  the  circulation  vigorous,  the  heart 
large,  the  lungs  and  the  heart  both  ample,  and  the  chest 
capacious. 

Let  such  a  robust  man,  his  lungs  remaining  healthy,  fall  ill 
from  enteritis  or  fever,  or  any  cause  that  lowers  his  energies, 
and  confines  him  to  his  bed.  Then  the  amount  of  air  in  the 
lung,  and  of  blood  in  the  heart  and  circulation,  becomes  pro- 
gressively diminished,  and  adapted  to  the  diminished  energies 
and  deficient  action  of  the  man.  The  amount  of  air  in  the 
lungs  and  of  blood  in  the  heart  being  lessened,  the  lungs  and 
heart  are  reduced  in  size,  and  the  dimensions  of  the  chest  are 
reduced  in  like  proportion. 

The  projections  that  were  required  in  robust  health  to  hold 
the  healthy  amount  of  air  and  blood  in  the  lungs  and  heart, 
are  no  longer  required  in  the  state  of  general  illness  just 
described,  and  the  projections  no  longer  exist.  The  sternum, 
instead  of  being  arched  and  projecting,  becomes  flat.  The 
thoracic  prominences  to  each  side  of  the  sternum  disappear. 
The  cartilages  of  the  third,  fourth,  and  fifth  ribs,  become  on 
a  level  with,  or  even  less  prominent  than,  the  sternum,  and 
the  left  fourth  and  fifth  costal  cartilages,  instead  of  being 
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more  full  than  those  of  the  right  side,  become  less  full  ;  such 
changes  may  take  place,  although  no  disease  exists  within 
the  heart  or  lungs.    The  demands  of  the  system  on  those 


Fig.  7. 


Daguerreotype  view  from  a  healthy  robust  man,  taken  when  breathing  trau- 
quilly. 

The  continuous  line  indicates  the  outlines  of  the  lungs,  the  exposed  portion  of 
the  heart,  and  the  liver. 

The  circles  show  the  seat  of  the  impulse. 

The  dotted  lines  indicate  the  deep  boundaries  of  the  heart  and  diaphragm. 

organs  being  lessened,  the  organs  themselves  become  les- 
sened in  exact  ratio,  and  the  chest  containing  them  is  neces- 
sarily lessened  likewise. 
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7.  Excessive  Abdommal  Disiension  thrusts  up  and  fixes  the 
Diaphragm,  and  lessens  the  expansion  of  the  left  Thoracic 
Region. 

There  are  other  cases  in  which  the  form  of  the  chest  is 
altered,  and  materially  altered  too,  although  no  disease  exist 
in  the  lungs  themselves. 


Fig.  8. 

Daguerreotype  view  from  the  same  man  taken  during  the  deepest  possible  in- 
spiration. 

The  lines  indicate  the  altered  position  of  the  margins  of  the  lungs,  the  exposed 
portion  of  the  heart  and  the  liver,  and  the  seat  of  the  impulse  during  a  deep 
inspiration. 

When  the  abdomen  is  excessively  distended,  be  it  from 
flatus  or  ascites,  so  that  the  diaphragm  is  pushed  upwards, 
and  can  descend  during  inspiration  but  very  partially  and 
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with  difficulty,  or  not  at  all,  the  sixth,  seventh,  and  eighth 
cartilages  and  ribs  project  both  in  front  and  sideways  to  a 
remarkable  extent.  The  projections  of  the  third,  fourth,  and 
fifth  costal  cartilages  disappear ;  the  lower  margin  of  the 
right  lung,  and  the  lower  boundary  of  the  heart,  are  pushed 
upwards  sometimes  as  high  as  the  fourth  costal  cartilage. 
Both  sides  of  the  chest  are  flattened,  but  the  flattening  of  the 
left  side  is  materially  greater  than  that  of  the  right,  especially 
below  the  clavicles,  and  down  to  the  fourth  or  fifth  rib. 

This  is  doubtless  owing  to  the  partial  or  non-descent  of  the 
heart  during  inspiration ;  the  heart  does  not  descend  and 
advance,  and  is  consequently  in  the  way  of  the  descent  and 
advance  of  the  upper  and  anterior  portion  of  the  upper  lobe 
of  the  left  lung.  In  such  a  case  the  size  of  the  chest  over 
the  upper  lobe  of  the  left  lung  is  diminished  ;  its  inspiratory 
expansion  lessened ;  percussion  over  it  is  duller,  and  the 
respiratory  sounds  are  feebler  than  on  the  corresponding 
portion  of  the  right  lung,  and  yet  no  disease  exists  in  the 
left  lung. 

8.  Enlarged  adherent  Liver  thmsts  tip  and  fixes  the  Dia- 
phragm, and  lessetis  the  motion  of  the  Chest  on  the  right 
side. 

If  the  liver  be  unusually  large,  or  if  it  be  adherent,  so  as 
to  prevent  the  descent  of  the  diaphragm  on  the  right  side, 
then  the  expansion  of  the  right  lung  by  the  fourth,  fifth,  and 
sixth  ribs  is  impeded ;  and  those  ribs  are  not  nearly  so  pro- 
minent on  the  right  side  as  on  the  left. 

The  upper  lobe  of  the  right  lung  is  nearly  equally  expanded 
with  that  of  the  left  lung:  the  expansion  of  the  upper  lobe  of 
the  right  lung  not  being  interfered  with  by  the  non-descent 
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of  the  liver,  in  the  way  that  that  of  the  left  is  by  the  non- 
descent  of  the  heart. 


9.  Effects  of  Emphysema  in  the  Adult  and  the  Young— of 
Phthisis,  Pneumonia,  and  Pleuritic  Effusion  on  the  Form 
of  the  Chest. 

Every  chest  disease  stamps  upon  the  walls  of  the  chest 
some  characteristic  peculiarity  of  form. 

In  the  emphysema  of  adult  life,  when  the  sternum  and  ribs 
are  unyielding,  the  whole  chest  becomes  globular  and  en- 
larged everywhere  to  the  utmost.  The  sternum  advances 
from  above  downwards,  is  gently  arched,  and  becomes  as 
prominent,  or  nearly  so,  as  the  third,  fourth,  and  fifth  costal 
cartilages.  The  breadth  and  depth  of  these  is  increased  :  the 
superior  intercostal  spaces  are  narrowed,  and  the  inferior 
widened  ;  the  seventh,  eighth,  and  ninth  costal  cartilages  and 
ribs  move  outwards,  the  angle  formed  between  them  below 
the  sternum  being  increased,  and  the  dorsum  is  curved  ; 
the  hepatic  and  gastric  bulges  are  often  lessened,  or  even 
obliterated. 

In  the  emphysema  of  youth,  when  the  sternum  and  ribs 
are  yielding,  the  sternum  is  remarkably  arched  and  prominent 
at  the  centre,  and  falls  in  towards  the  lower  end  ;  the  third, 
fourth,  and  fifth  cartilages  are  very  prominent ;  the  sixth, 
seventh,  and  eighth  ribs  fall  in  to  the  side. 

In  phthisis,  if  there  be  a  cavity,  or  scattered  and  acute 
tubercles  in  the  upper  lobe,  the  second  and  third  ribs  are 
flattened  on  the  afiected  side. 

If  there  be  diffused  consolidation,  with  increase  of  bulk  of 
the  upper  lobe,  the  second  and  third  ribs  of  the  affected  lung 
are  more  prominent  than  those  of  the  healthy  lung. 
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If  from  pneumonia,  the  whole  lower  lobe  be  consolidated, 
the  chest  over  the  affected  side  is  enlarged.  Owing  to  the 
exaggerated  respiration  of  the  lung  of  the  opposite  side,  that 
side  is  enlarged  likewise. 

If  there  be  pleuritic  effusion  or  pneumothorax  on  one  side, 
then  the  whole  side  bulges  ;  the  ribs  are  much  separated  from 
each  other;  the  intercostal  spaces  are  on  a  level  with  the  ribs; 
the  heart  is  pushed  over  to  the  opposite  side,  and  the  abdo- 
minal organs  are  displaced  downwards,  and  to  the  opposite 
side. 

lO.  Effects  of  Distension  of  the  Pericardial  Sac — Enlargement 
of  tJie  Chest — and  Eftlargemetit,  luith  Pericardial  Adhe- 
sions, on  the  Form  of  the  Chest. 

The  distension  by  fluid  of  the  pericardial  sac,  besides  dis- 
placing the  surrounding  organs,  pushes  forward  the  sternum 
and  costal  walls,  elevates  the  second  costal  cartilage,  and  to 
a  less  degree  the  third,  fourth,  and  fifth  ;  widens  the  spaces 
between  the  cartilages  and  ribs,  from  the  second  cartilage  to 
the  seventh  rib  ;  projects  outwards  the  sixth  rib,  and  causes 
some  degree  of  bulge  over  the  left  side,  and  some  protru- 
sion of  the  slope  formed  by  the  lower  edges  of  the  costal 
cartilages. 

If  the  fluid  diminishes,  and  the  heart  returns  to  its  natural 
size,  the  protrusion  of  the  sternum  and  ribs,  and  the  separa- 
tion of  cartilage  from  cartilage,  gradually  diminishes,  and  all 
the  parts  return  to  their  healthy  position.  If  the  heart  be- 
comes enlarged,  the  usual  heart-bulge  is  increased  over  the 
third,  fourth,  fifth,  sixth,  and  seventh  costal  cartilages. 

If  the  heart  be  enlarged  with  adhesions,  the  lower  two- 
thirds  of  the  sternum  continue  to  protrude;  the  separation  of 
the  costal  cartilages  and  ribs  from  each  other  rather  increases  ; 
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the  sixth,  seventh,  and  eighth  ribs  project  more  to  the  left 
side  ;  the  whole  of  the  lower  left  ribs  are  raised  and  thrown 
outwards  ;  and  the  sixth,  seventh,  and  eighth  conjoint  carti- 
ages,  to  the  side  of  the  xiphoid  cartilages,  are  much  raised. 

II.  Relation  of  the  Nipples  and  Sternum  to  the  Ribs  and 

hiternal  Organs. 

There  are  certain  points  in  the  chest  that  the  eye  and  finger 
naturally  and  easily  fix  upon.  It  is  important  to  have  a 
definite  knowledge  of  the  bearing  of  those  points  with  the 
internal  organs.  The  nipples  are  usually  seated  between  the 
fourth  and  fifth  ribs  :  the  right  nipple  is  just  above  the  deep 
upper  boundary  of  the  convexity  of  the  diaphragm  and  of 
the  liver ;  the  left  nipple  is  just  to  the  outer  side  of  the  left 
margin  of  the  heart,  the  left  lung  being  interposed. 

The  sternum,  it  was  stated  in  the  paper  on  the  Position  of 
the  Viscera  in  Health,  in  the  Gazette  for  the  3rd  of  March, 
is  the  key  to  the  relative  situation  of  the  viscera.  I  request  a 
reference  to  the  drawings  and  descriptions  in  that  paper  in 
comparison  with  the  daguerreotypes  given  with  this. 

1 2.  TJie  Breath-sounds  generated  in  the  Larynx,  and  tran  s- 
viitted  thence  over  tlie  Chest. 

The  changes  effected  in  the  form  of  the  chest  and  the 
position  of  the  internal  organs  during  a  deep  inspiration  were 
detailed  in  my  paper  in  the  Gazette  for  April  7th.  It  will,  I 
conceive,  be  found  of  value  to  compare  the  drawings  and 
descriptions  in  that  paper  with  the  daguerreotyped  views  in 
this. 
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13.  Percussion  during  an  Ordinary  and  a  Deep  Inspiration. 

With  a  thorough  knowledge  of  the  position  of  the  internal 
organs  in  health,  both  in  repose  and  during  a  deep  inspiration, 
and  of  the  causes  that  generate  the  breath-sounds,  the  vocal 
fremitus,  the  heart's  sounds,  and  the  varying  resonance  and 
dulness  elicited  by  percussion,  one  is  master  of  all  the  varie- 
ties presented  by  these  phenomena  in  the  healthy  chest. 

14.  Vocal  Fremitus  is  only  felt  over  the  Ln7ig — it  is  pro- 

portioned to  the  bulk  of  Lung. 

The  breath-sounds  are  generated  in  the  larynx  by  the 
currents  of  air  rushing  between  the  vocal  chords.  Over  the 
larynx  and  trachea  the  inspiratory  and  expiratory  sounds  are 
nearly  equally  loud.  The  intensity  of  the  sound  depends  on 
the  size  of  the  larynx  and  rapidity  of  the  current  of  air.  If 
the  larynx  be  small,  or  the  breathing  quick,  the  breath-sounds 
are  loud,  sharp,  and  hissing.  If  the  larynx  be  large,  or  the 
breathing  slow,  the  sounds  are  smooth  and  murmuring.  The 
inspiratory  and  expiratory  sounds  are  nearly  alike,  the  former 
being  a  shade  louder,  and  more  hissing. 

In  tranquil  breathing,  the  breath-sounds  heard  over  the 
chest  are,  I  am  satisfied  from  extensive  inquiry,  generated  in 
the  larynx.  These  sounds  are  conducted  by  the  walls  of 
the  tubes  and  air-cells,  and,  during  inspiration,  by  the  stream 
of  inspired  air,  to  the  surface  of  the  chest.  The  sounds  are 
fainter  the  more  distant  the  ear  is  from  the  source  of  sound 
in  the  larynx. 

As  the  trachea,  just  before  its  bifurcation,  lies  to  the  right 
side  of  the  aorta  and  of  the  fifth  and  six  dorsal  vertebrae, 
the  breath-sounds  are  louder  on  the  right  side,  both  of  the 
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vertebrae  and  sternum,  than  the  left.  As  the  trachea  passes 
down  in  front  of  the  six  superior  dorsal  Vertebrae,  the  inspira- 
tory and  expiratory  sounds  are  both  loud  over  those  vertebrae. 
As  the  expiratory  sounds,  generated  in  the  larynx,  are  carried 
outwards  by  the  current  of  expired  air,  being  only  conducted 
to  the  ear  by  the  tubes  and  air-cells,  they  are  everywhere 
feebler  than  the  inspiratory  sounds  during  tranquil  respira- 
tion. At  the  upper  part  of  the  chest  of  a  robust  man  both 
sounds  are  audible  during  tranquil  breathing ;  but  the  inspi- 
ratory sound,  which  becomes  fainter  with  increasing  distance, 
is  alone  heard  over  the  lower  and  lateral  parts  of  the  chest. 

It  is  clear  that  the  breath-sounds  during  tranquil  breathing 
are  not  generated  in  the  air-cells,  as  the  inspiratory  sounds 
are  the  feeblest,  and  the  expiratory  are  usually  absent,  over 
the  bulk  and  the  lower  part  of  the  lung,  where,  owing  to  the 
great  amount  of  diaphragmatic  respiration,  the  air-cells  are 
dilated  most  actively,  and  in  the  greatest  number. 

In  women,  and  still  more  in  children,  the  respiration  over 
the  larynx  is  loud  and  hissing.  In  them  the  thoracic  respi- 
ration is  more  active,  the  chest  is  smaller,  and  the  breath- 
sounds  are  louder  and  more  diffused  over  the  whole  chest 
than  they  are  in  men. 

If  respiration  be  exaggerated  or  performed  quickly,  then 
smooth,  rather  loud  breath-sounds,  louder  during  expiration 
than  inspiration,  are  generated  in  the  cells  themselves  by  the 
air  rushing  rapidly  out  of  and  into  the  cells  through  the 
minute  bronchial  tubes. 
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1$.  The  Heart's  Impnlse  during  an  Ordinary  and  a  Deep 

Inspiration. 

As'  the  resonance  or  dulness  elicited  by  percussion  over 
the  body  depends  on  the  presence  underneath  of  the  stomach, 
the  lung,  the  heart,  or  the  liver,  when  we  know  the  position 
of  those  viscera,  we  know  exactly  where  percussion  ought  to 
be  resonant  or  dull.  In  the  paper  in  the  Gazette  for  March 
3rd,  I  proposed  a  natural  system  of  regions, — regions  not 
classed  and  named  according  to  the  parietes,  but  according 
to  the  viscera  behind  the  parietes.  I  request  a  reference  to 
the  description  quoted,  which  is  further  illustrated  by  the 
accompanying  daguerreotypes  from  a  healthy  living  man. 
If  we  percuss  the  thoracic  regions  either  with  a  light  tap  or 
firm  stroke,  we  bring  out  a  resonant  sound  ;  if  we  percuss  in 
like  manner  the  cardiac  region  or  liver,  we  elicit  a  dull  sound. 
Over  the  compound  regions  the  pulmo-hepatic,  pulmo-cardiac, 
and  pulmo-gastric, — in  which  the  lung  is  superficial  to  either 
the  liver,  the  heart,  or  the  great  vessels, — light  percussion 
yields  a  resonant,  firm  percussion  a  dull  sound. 

On  a  deep  inspiration  the  pulmonic  regions  are  greatly 
enlarged,  and  their  lower  boundaries  descend :  the  cardiac 
region  descends  and  is  much  lessened,  and  the  liver  and 
stomach  are  displaced  downwards.  The  extent  of  pulmonic 
resonance  is  consequently  greatly  increased,  while  that  of 
cardiac  dulness  is  lessened  and  lowered,  and  the  upper 
boundaries  of  hepatic  dulness  and  gastric  resonance  are  at 
the  same  time  lowered  to  the  extent  of  an  inch. 
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1 6.  Diffusion  of  the  Heart's  Sounds. 

The  vocal  fremitus  being  transmitted  from  the  larynx  by 
the  lungs  to  the  circumjacent  walls,  is  felt  wherever  there  is 
lung, — it  is,  indeed,  only  to  be  felt  where  there  is  lung,  and 
does  not  extend  either  over  the  cardiac  region,  the  liver,  or 
stomach.  The  strength  of  the  vibrations  is  exactly  propor- 
tioned to  the  bulk  of  the  lung  :  where  the  mass  of  lung  is 
great,  as  posteriorly  on  both  sides  over  the  right  pulmonic 
region,  the  vibrations  are  strong ;  and  where  there  is  but  a 
layer  of  lung,  as  in  the  compound  regions,  they  are  feeble. 

At  the  beginning  of  expiration,  especially  after  a  deep 
inspiration,  when  the  extent  and  volume  of  the  lungs  are 
greatest,  the  vocal  fremitus  is  stronger  and  more  extended 
than  it  is  towards  the  end  of  expiration,  when  the  lungs  are 
lessened. 

As  a  general  rule,  the  vocal  fremitus  is  strong,  and  the 
pectoral  resonance  loud,  when  the  sound  on  percussion  over 
the  lung  is  clear  and  ringing. 

17.  The  seat  and  extent  of  the  heart's  impulse  is  regulated 
of  course  by  the  position  of  the  heart :  when  the  lungs  are 
ample — as  in  the  robust — they  shield  the  greater  part  of  the 
heart  from  contact  with  the  ribs  and  intercostal  spaces ;  and 
in  them  the  impulse  is  often  imperceptible.  When  it  is  per- 
ceptible it  is  usually  felt  between  the  fifth  and  sixth  ribs— 
below  and  just  within  the  left  nipple.  When  the  lungs  are 
smaller  than  they  are  in  the  robust,  a  greater  portion  of  the 
heart  comes  in  contact  with  the  walls  of  the  chest,  and  the 
impulse  is  then  often  to  be  felt  from  the  second  to  the  fifth  or 
sixth  rib.  In  such  persons— the  heart  and  lungs  being  both 
lessened— the  lower  boundary  of  the  heart  often  does  not 
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descend  to  the  fifth  intercostal  space,  and  then  its  beat  is  not 
to  be  felt  there. 

The  heart's  impulse  verges  more  to  the  left  when  a  person 
lies  on  his  left  side,  and  to  the  right  when  he  lies  on  the  right 
side. 

During  a  deep  inspiration  the  heart  is  drawn  down  by  the 
diaphragm  to  the  extent  nearly  of  an  inch.  It  is  now  shielded 
by  the  lungs  from  the  intercostal  spaces,  and  the  impulse  is 
no  longer  perceptible  there.  The  right  ventricle  lies  behind 
the  xiphoid  cartilage,  behind  and  below  which  the  impulse  is 
now  felt. 

1 8.  The  heart's  sounds,  generated  by  the  right  ventricle 
and  the  pulmonic  valves,  are  heard  most  distinctly  over  the 
cardiac  region. 

The  sounds  produced  in  the  left  ventricle  and  by  the  aortic 
valves  are  not  so  well  heard  over  the  cardiac  region  as  they 
are  at  the  apex  of  the  heart  and  over  the  great  vessels,  as  Dr. 
C.  J.  B.  Williams  so  clearly  elucidated. 

The  aortic  sounds,  whether  healthy  or  morbid,  besides 
being  heard  at  the  top  of  the  sternum,  are  also  audible  over 
the  upper  dorsal  vertebrae,  especially  to  the  left  of  their 
spinous  processes,  in  conformity  with  the  position  of  the  de- 
scending aorta.  The  aortic  second  sound  is  also  conveyed 
along  the  left  ventricle  to  the  apex  of  the  heart. 

The  sounds  of  the  mitral  valve  are  most  audible  over  the 
apex,  and  to  the  left  of  it,  and  behind  the  lower  dorsal 
vertebrae. 

In  concluding  this  paper,  let  me  recommend  to  the  young 
inquirer  into  physical  diagnosis  a  hearty,  close,  and  repeated 
examination  of  the  healthy  robust  man,  ascertaining  upon 
him  the  position  of  the  viscera,  and  the  external  indications 
of  their  position,  as  afforded  by  the  various  prominences  andi 
depressions  on  the  surface,— by  mapping  out  through  percus- 
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sion  the  various  organs, — by  ascertaining  the  extent  of  the 
vocal  fremitus, — by  noting  the  seat  of  the  heart's  impulse  and 
the  extent  of  the  heart's  sound, — and  by  observing  all  those 
phenomena,  first  when  the  man  lies  tranquil,  and  then  after 
he  has  taken  a  deep  inspiration. 


V. 


ON  THE  SIZE  AND  SITUATION  OF  THE  INTERNAL  ORGANS 
IN  VESICULAR  EMrHYSEMA  AND  BRONCHITIS. 

1.  Emphysema  and  Bronchitis  produce  the  same  general  effect 

on  the  Size  and  Situation  of  the  Lungs  a7id  Heart. 

I  AM  induced  to  defer  the  description  of  the  minute  changes 
occurring  in  the  lungs  in  bronchitis  and  emphysema  until  I 
have  the  advantage  of  seeing  a  paper  on  Emphysema,  by 
that  accurate  observer,  Mr.  Rainey,  which  is  about  to  be 
published  in  the  Medical  and  Chirurgical  Transactions. 

2,  In  Emphysema  tlie  Lungs  are  increased  in  volnme  to  an 

extent  proportioned  to  the  duration  of  the  disease. 

My  object  in  this  paper  is  to  describe  the  position  of  the 
internal  organs  in  bronchitis  and  emphysema.  In  this  point 
of  view,  those  two  diseases  may  be  considered  together,  as 
they  both  produce  the  same  general  effect  on  the  lungs  and 
heart. 

The  deviation  from  health  is  so  much  more  marked  in 
emphysema  than  in  bronchitis,  that  I  shall  more  immediately 
and  particularly  describe  the  changes  in  the  position  of  the 
internal  organs  in  that  disease. 
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The  essential  feature  in  emphysema  is  the  general  and  per- 
manent enlargement  of  the  lungs.  The  volume  of  the  lungs 
may  be  increased,  so  that  they  occupy  more  space  than  can 
be  occupied  by  the  healthy  lungs  during  the  deepest  possible 
inspiration.  The  lungs  are  permanently  enlarged ;  there  is 
inability  on  the  part  of  the  patient  to  expel  more  than  a 
small  portion  of  air  from  the  lungs.  In  extreme  cases,  and 
during  dyspnoea,  inspiration  is  very  difficult,  but  the  expira- 
tion is  much  more  prolonged  and  difficult  than  inspiration. 
The  emphysema  may  be  confined  to  any  part  of  a  lung,  or  be 
diffused  over  the  whole  of  one  lung,  or  may  involve  both 
lungs.  Unless  under  special  circumstances,  the  extent  of  the 
disease  is  usually  proportioned  to  its  duration. 


3.  Indicated  in  M.  Louis'  Tables  of  the  Extent  of  Emphysema 

in  Different  Cases. 

This  is  well  shown  in  the  two  following  tables  of  cases 
affected  with  emphysema,  examined  after  death  by  M.  Louis. 
The  23  cases  in  the  first  table  died  from  cholera  ;  the  19  in 
the  second  from  emphysema  or  some  other  disease.  The 
average  age  of  those  in  the  first  was  50  ;  the  second,  60. 
Those  in  the  first  were  cut  off  in  an  earlier  stage  of  the 
disease  than  in  the  second. 


General  Emphysema— 
In  both  lungs 

Left  lung 

Right  lung  . 
Of  left  upper  lobe 

Bight  upper  lobe 

Left  lower  lobe 

Right  lower  lobe  .... 

Middle  and  upper  lobe  of  right  lung 

Middle  part  of  right  lung 


23  cases  which 
died  from 
cholera. 


6 

3 
I 

7 
7 
I 
2 

3 
o 


19  cases  which 
did  not  die  from 
cholera. 


12 
2 
I 
2 
O 
O 
2 
O 
I 


IN  VESICULAR  EMPHYSEMA  AND  BRONCHITIS.  379 
Both  lungs  were  affected  throughout  in  26  per  cent,  of 


Fig.  9. — Superficial  view. 


William  Galloway,  aged  43. — Emphysema,  bronchitis,  enlarged  heart,  right 
cavities  dilated.  Serum  in  both  pleura:.  CEdema.  (Galloway  habitually  lay  on 
the  right  side,  the  body  consequently  twisted  to  the  right.) 

Weight  of  the  Organs. — Heart,  14^  oz.;  right  lung,  23I  oz. ;  left  lung,  23  oz.; 
liver,  40  oz.;  right  kidney,  5  oz. ;  left  kidney,  5 J  oz.;  spleen,  7  oz. 


those  patients  affected  with  emphysema  and  dying  from 
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cholera  who  were  on  the  average  in  the  early  stage,  and  63 


Fig.  10. — Deep  view. 


per  cent,  of  those  cases  not  dying  from  cholera  who  were  in 
the  later  stages  of  emphysema. 
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4.  Case  of  William  Galloivay  {see  Engravings,  pp.  379,  380) 

affected  zvith  Emphysema  and  Heart  Disease. 

In  W.  Galloway,  the  patient  from  whom  the  engravings 
which  illustrate  this  paper  were  taken,  the  whole  of  both 
lungs  was  affected  with  emphysema,  but  the  disease  was  more 
extensive  in  the  right  lung.  Before  death  he  had  extensive 
oedema.  Much  serous  fluid  was  found  in  both  pleural  cavities, 
especially  the  right.  The  heart  was  very  large,  the  ven- 
tricular walls  being  thick,  and  the  right  cavities  and  pul- 
monary artery  excessively  dilated.  There  was  some  thick- 
ening of  the  margin  and  tendinous  cords  of  the  mitral 
valve.  Regurgitation  had  probably  taken  place  during  life 
both  through  the  mitral  and  tricuspid  openings.  There  was 
a  loud  systolic  bellows  sound  below  and  to  the  left  of  the 
xiphoid  cartilage. 

5.  Enlargement  of  the  Heart  usual  in  Emphysema,  and  is 

indicated  in  the  last  stages  by  (Edema — M.  Louis'  cases 
of  Emphysema — Dr.  Boyd's,  Dr.  Clendiimings,  and  the 
Aut/ior's,  enumerating  those  in  which  the  Heart  was 
enlarged. 

In  the  co-existence  of  oedema  and  of  enlargement  and 
disease  of  the  heart,  Galloway's  case  illustrates  the  deduction 
of  M.  Louis,  that  in  all  those  persons  dying  from  emphysema 
who  had  oedema  of  the  lower  extremities,  the  volume  of  the 
heart  was  materially  increased. 
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Enlargement  of  the  heart  is  the  frequent,  though  not  ir 
variable  conconnitant  of  emphysenia,  as  M.  Louis  observed  i 


Affected  with  Heart  voIumU 

Emphysema.  nous  in 

Cases  that  died  from  cholera  ...       23  6 
Cases  that  did  not  die  from  cholera  (the 

most  advanced  cases)  ....       19  10 


In  the  latter,  or  the  more  advanced  class  of  cases,  the 
heart  was  enlarged  in  more  than  half;  in  the  less  advanced 
cases  it  was  only  enlarged  in  about  one-fourth,— going  to 
show  that  in  such  cases  the  enlargement  of  the  heart  is 
usually  consecutive  to,  and  caused  by,  emphysema.  Some-- 
times,  however,  emphysema  is  consecutive  to,  and  caused  by, 
heart  disease. 

That  accurate  observer,  Dr.  Boyd,  in  the  statistical  reports 
of  the  diseases  and  weights  of  organs  of  persons  dying  in  the 
Marylebone  Infirmary,  gives  19  cases  in  which  emphysema 
existed  to  a  greater  or  less  extent.  In  all  of  these  cases  the 
weight  of  the  heart  was  greater  than  in  the  healthy  average 
(9  oz.  in  men  ;  8  in  women).  In  15  of  the  cases  the  average 
was  15  J  oz.,  the  lowest  being  12,  the  highest  22  (this  case  was 
complicated  with  pericarditis).  In  two,  the  heart  was  stated 
to  be  large  ;  in  the  remaining  two,  one  heart  weighed  9 J  oz.  ; 
the  other,  10  :  these  were  from  females,  and  above  the  average 
by  from  i  to  2  oz. 

Dr.  Clendinning  gives  four  cases  of  the  same  class  from 
the  same  sources  :  in  two  of  these  the  heart  was  much 
enlarged,  while  it  was  slightly  enlarged  in  the  remaining  two. 

Of  ten  cases  observed  by  myself,  the  heart  was  enlarged  in 
eight,  and  of  normal  size  in  two.  One  of  these  two  cases 
died  from  a  compound  fracture  of  the  leg ;  the  other,  a  man, 
from  pleuritis  and  other  affections,  the  result  of  an  injury 
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which  had  occasioned  rupture  of  one  of  the  enlarged  lobules 
of  the  left  lung,  and  consequent  pneumothorax. 

6.  TJie  Heart  is  usually  Voluminotts  in  Bronchitis — Dr.  Boyd's 

and  Dr.  Clendinning' s  Cases. 

In  bronchitis,  as  in  emphysema,  the  lungs  are  voluminous 
and,  in  addition,  in  the  majority  of  cases,  the  heart  is 
enlarged. 

Dr.  Boyd  gives  15  cases  of  bronchitis,  in  all  of  which  the 
heart  was  enlarged.  In  ten  of  these  cases  in  which  the  heart 
was  weighed,  it  averaged  14^  oz.  Nine  of  the  19  cases  of 
emphysema  given  above  were  complicated  with  bronchitis. 

Dr.  Clendinning  gives  7  cases  of  chronic  bronchitis :  of 
these,  3  were  rather  below  than  above  the  average  weight 
(two  of  these  bodies  were  much  wasted  in  flesh)  ;  and  in  4  it 
was  above  the  average  from  i^-  to  2\  oz. 

We  may,  then,  consider  it  as  statistically  proved,  that,  in 
the  majority  of  cases  of  emphysema  and  bronchitis,  the  heart 
is  abnormally  large. 

7.  Dilatation  and  Hypertrophy  of  the  right  side  of  the  Heart 
the  especial  result  of  Emphysema  and  Bronchitis,  illustrated 
by  the  Author's  and  the  Observations  of  Dr.  Stokes,  Dr. 
Hodgkin,  and  Dr.  Hasse — Remarkable  Induration  of  the 
Walls  of  the  Right  Ventricle  is  sometimes  observed. 

In  Galloway,  and  in  Hudson,  affected  with  emphysema  ; 
and  in  Wiberley  with  bronchitis  (the  two  latter  are  figured  in 
my  paper  on  the  Situation  of  Internal  Organs,  published  in 
the  Provincial  Medical  Transactions,  xii.  402,  429),  the  right 
ventricle  and  the  pulmonary  artery  were  unusually  large.  In 
Galloway,  the  dilatation  of  the  right  cavities  was  remarkably 
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great.  In  both  of  these  cases  the  right  ventricle  almost  com- 
pletely concealed  the  left,  a  mere  margin  of  which  was  only 
observable  to  the  left  of  the  right.  Dr.  Stokes  speaks  of  the 
influence  of  this  disease,  at  page  191  of  his  work  on  Diseases 
of  the  Chest,  as  producing  an  accumulation  of  blood  at  the 
right  side  of  the  heart,  and  consequent  disease  of  the  pul- 
monary or  right  cavities,  which  are  both  dilated  and  hyper- 
trophied. 

Dr.  Hodgkin,  in  his  Morbid  Anatomy,"  ii.  86,  observes  that 
he  has  found  several  of  the  best  marked  cases  of  dilatation 
and  thickening  of  the  right  ventricle,  in  conjunction  with 
emphysema,  which  appears  to  have  a  strong  tendency  to  lead 
to  diseases  of  the  heart,  but  more  especially  of  the  right 
cavities. 

Dr.  Hasse,  too,  in  his  "Pathological  Anatomy,"  p.  311, 
places  hypertrophy  and  dilatation  of  the  heart,  having  its  seat 
for  the  most  part  in  the  right  ventricle  and  auricle,  foremost 
among  the  secondary  changes  resulting  from  emphysema. 

In  two  cases  of  emphysema  in  which  there  was  hypertrophy 
and  dilatation  of  the  right  ventricle,  the  walls  of  the  ventricle 
were  abnormally  hard  and  firm,  standing  out  when  cut  into, 
just  as  if  they  had  been  previously  hardened  in  alcohol. 

In  emphysema  and  bronchitis,  the  resistance  to  the  circula- 
tion through  the  capillaries  of  the  lungs  causes  accumulation 
of  blood  in  the  right  cavity  and  its  consequent  dilatation,  and 
increased  force  in  its  walls  to  propel  the  blood,  and  con- 
sequently their  hypertrophy. 

The  expansion  of  the  chest  itself  tends  to  enlarge  the 
cavities  of  the  heart. 
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8.  Only  a  very  small  portion  of  the  Heart  is  uncovered  by  the 
Voluminons  Lungs — The  Lower  Boundaries  of  the  Lungs 
are  lozver,  by  ati  inch  or  more,  than  in  Health —  The  exposed 
portion  of  tlie  Heart,  and  the  Heart's  Impulse,  are  imme- 
diately behind,  below,  and  to  the  left  of  the  Xiphoid 
Cartilage — Tlie  Impulse  of  the  Apex  is  not  felt  betiveen  the 
Ribs. 

It  will  be  observed  that  in  Galloway,  although  the  heart  is 
so  materially  enlarged,  yet  that  only  a  very  small  portion  of 
the  heart  is  uncovered  by  lung.  The  heart  is,  indeed,  much 
enlarged,  but  the  amplification  of  the  lungs  is  such,  that  the 
whole  heart  is  covered  by  them,  except  a  small  portion  of  the 
right  ventricle. 

The  lower  margin  of  the  lungs,  and  the  lower  boundary  of 
the  heart,  are  materially  lower  than  they  are  in  health,  those 
boundaries  being  behind  the  lower  end  of  the  xiphoid  carti- 
lage, instead  of  the  lower  end  of  the  sternum — a  full  inch 
lower  than  in  the  healthy  state. 

In  the  case  of  a  man  examined  by  me  during  life,  they 
were  about  an  inch  below  the  lower  end  of  the  xiphoid 
cartilage. 

The  lower  margin  of  the  right  lung  instead  of  being  behind 
the  sixth  rib  and  costal  cartilage,  is  behind  the  seventh  rib. 
The  enlarged  left  lung  is  completely  interposed  between  the 
apex  of  the  heart,  and  the  ribs  and  intercostal  spaces :  the 
impulse  is  consequently  no  longer  perceptible  between  the 
intercostal  spaces,  as  the  upper  boundary  of  the  cardiac 
region  (that  portion  of  the  heart  in  contact  with  the  walls  of 
the  chest)  is  behind  the  lower  margin  of  the  sternum  and  the 
fifth  and  sixth  costal  cartilage,  instead  of  the  middle  of  the 
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Sternum  and  the  fourth  costal  cartilage.  The  unusually 
resonant  left  lung  completely  replaces  the  usually  dull  region 
occupied  by  the  heart,  and  that  region  is  seated  instead, 
behind,  below,  and  to  the  left  of  the  xiphoid  cartilage.  At 
that  region,  cardiac  dulness  may  be  discovered  by  percussion  ; 
and  there  the  impulse  of  the  right  ventricle  is  always  visible 
and  to  be  felt,  the  impulse  at  the  apex  being  completely 
unfelt,  owing  to  the  interposition  of  the  enlarged  lung. 

Emphysema  may  be  usually  detected  at  sight  by  the  want 
of  impulse  between  the  fifth  and  sixth  ribs,  and  by  its 
presence  behind,  below,  and  to  the  left  of  the  xiphoid  car- 
tilage. This  is  exactly  the  change  in  position  of  the  impulse 
that  takes  place  when  we  direct  a  healthy  person  to  take  a 
deep  breath,  and  hold  it.  The  impulse  can  then  no  longer 
be  felt  between  the  fifth  and  sixth  ribs,  but  is  perceptible  at 
the  xiphoid  cartilage. 

9.  The  Diaphragm  is  fiattened  and  loivered  in  Emphysema. 

The  whole  diaphragm  is  flattened  and  lowered  in  emphy- 
sema. The  diaphragm  in  extreme  cases  is  lower  than  it  can 
be  in  health,  during  even  the  deepest  inspiration.  This  is  not 
given  in'  Galloway,  but  is  very  well  seen  in  the  diagram  of 
Hudson,  in  the  paper  on  the  situation  of  the  internal  organs; 
in  him  the  upper  boundary  of  the  right  convexity  of 
the  diaphragm  is  behind  the  lower  edge  of  the  fifth  rib. 
The  engravings  accompanying  my  paper  on  the  effect  of 
abdominal  distension  and  enlarged  liver  on  the  position  of 
the  internal  organs  (see  14th  paper),  olffer  remarkable  con- 
trasts to  the  engravings  of  emphysema  here  given.  In  the 
former  case  the  diaphragm  is  pushed  upward,  the  lungs  and 
heart  elevated  and  compressed ;  and  the  heart's  impulse 
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unusually  high,  and  to  the  left :  in  emphysema,  the  dia- 
phragm is  generally  low;  the  lungs  and  heart  both  amplified  ; 
their  lower  boundaries  and  the  heart's  impulse  being  re- 
markably low  ;  and  the  abdominal  organs  arc  displaced 
downwards. 

lo.  The  Chest  is  Expanded. 

It  may  be  noticed  that  the  sternum  and  clavicles,  the  costal 
cartilages  and  ribs,  are  all  remarkably  elevated,  the  whole 
thoracic  space  within  the  ribs  being  unusually  enlarged,  in 
proportion  to  the  emphysematous  enlargement  of  the  lungs. 
The  cavities  of  the  heart,  especially  the  right,  are  not  only 
amplified,  but  their  great  vessels  are  elongated,  and  the  origins 
of  the  innominatum  and  carotid  arteries  unusually  low.  It 
will  be  well  to  compare,  in  these  particulars,  the  engravings 
which  accompany  this  paper  with  those  in  the  papers  on 
Health  (see  4th  paper)  and  on  Abdominal  Distension  (see 
14th  paper). 

1 1.  The  Liver  is  sometimes  lessened  in  EmpJiysema — sometimes, 
especially  wheti  complicated  with  other  diseases,  enlarged, 
and  is  usually  enlarged  in  Bronchitis — Dr.  Boyd's  cases. — 
In  EmpJiysema  the  Liver  may  be  small,  and  yet  its  lower 
margin  may  be  unusually  lozv,  the  viscus  being  much  dis- 
placed downwards  by  the  descent  of  tJie  diapJiragm. 

The  liver,  it  will  be  seen,  is  unusually  low  in  Galloway;  at 
first  sight  one  would  suppose  it  to  be  much  enlarged,  but  on 
weighing  it,  so  far  is  this  from  being  the  case,  that  instead  of 
being  above  it  is  below  the  average  weight  (which  is  about  49 
oz.),  as  in  Galloway  the  liver  only  weighs  42  oz. 

Dr.  Boyd  weighed  the  liver  in  ten  out  of  nineteen  of  his 
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cases  of  emphysema  :  in  four  it  was  below  and  in  five  above 
the  average  weight ;  in  four  of  the  latter  class  emphysema 
was  complicated,  in  two  with  bronchitis,  in  one  with  peri- 
carditis, and  in  one  with  pneumonia. 

He  weighed  the  liver  in  eleven  cases  of  bronchitis :  in  seven 
cases  it  was  above,  in  two  it  was  at,  and  in  two  below,  the 
average  weight. 

It  is  evident  that  the  liver  is  usually  enlarged  in  bronchitis; 
the  blood,  finding  a  difficulty  in  passing  through  the  lungs, 
accumulates  first  in  the  right  cavities  of  the  heart,  and  then 
in  the  liver.  The  liver  consequently  becomes  congestively 
enlarged. 

Enlargement  of  the  liver  may  also,  and  for  the  same  reason, 
exist  in  emphysema,  especially  when  complicated  with  bron- 
chitis, and  in  its  early  stages.  But  as  emphysema  advances, 
the  amount  of  blood  that  passes  through  the  lungs  becomes 
materially  lessened,  and  as  the  disease  is  often  of  the  dura- 
tion of  a  long  life-time,  the  whole  actual  amount  of  blood  in 
the  system  diminishes,  accommodating  itself  to  the  small 
amount  of  blood  capable  of  passing  through  the  lungs.  The 
liver  is  consequently  not  necessarily  enlarged  from  congestion 
in  emphysema,  but,  on  the  contrary,  it  is  often  lessened  in 
size,  owing  to  the  blood  in  its  vessels  being  lessened  in 
quantity. 

It  is,  then,  clear  that  the  lowering  of  the  liver  in  Galloway 
is  due,  not  to  enlargement,  but  to  the  downward  displacement 
of  that  organ,  owing  to  the  descent  of  the  diaphragm. 

In  bronchitis,  and  in  some  cases  of  emphysema,  especially 
when  complicated  with  other  diseases,  the  mass  and  lower 
margin  of  the  liver  may  be  lowered  from  the  increase  in  its 
size,  as  well  as  from  its  downward  displacement,  by  the 
diaphragm. 

The  case  of  Galloway  proves  that  when  the  lower  border  of 
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the  liver  is  unusually  low,  it  is  not  necessarily  to  be  inferred 
that  the  liver  is  enlarged. 

To  decide  this  point  it  will  be  necessary  to  ascertain  whether 
the  upper  boundary  of  the  liver  is  lowered,  as  in  emphysema 
— is  in  its  normal  position — or  is  above  its  normal  position, 
as  in  the  case  of  enlarged  liver  figured  in  the  paper  for 
July  21.    (See  Paper  14.) 

12.  Summary, 

In  Laennec's  emphysema,  and  in  bronchitis,  the  lungs  and 
the  heart  being  universally  enlarged,  the  whole  cavity  of  the 
chest  is  amplified  :  the  sternum  and  clavicles  are  elevated' — 
the  cartilages  and  ribs  are  raised  and  expanded — the  dia- 
phragm is  remarkably  low,  corresponding  with  the  abnormally 
low  position  of  the  bases  of  the  lungs  and  the  lower  boun- 
dary of  the  heart,  and  the  upper  boundary  of  the  liver  and 
stomach.  The  whole  of  the  abdominal  viscera  are  unusually 
low,  being  displaced  downwards  by  the  descent  of  the 
diaphragm. 

The  lower  margins  of  the  lungs  are  from  an  inch  to  an  inch 
and  a  half  (or  even  two  inches  in  the  most  extreme  cases) 
lower  than  in  health.  The  cardiac  region  (the  exposed 
portion  of  the  heart)  is  unusually  low  and  narrow,  owing  to 
the  descent  of  the  heart,  and  the  encroachment  of  the  lung 
between  the  heart  and  the  costal  walls  ;  and  the  heart's  im- 
pulse, instead  of  being  felt  between  the  sixth  and  seventh 
costal  cartilages,  is  perceptible  to  the  eye  and  touch  in  the 
epigastric  space  behind,  below,  and  to  the  left  of  the  xiphoid 
cartilage. 


VI. 


ON    THE    CONFIGURATION     OF     THE     CHEST,    AND  THE 
GENERAL   ASPECT   IN  VESICULAR  EMPHYSEMA. 

I.  The  description,  by  Dr.  Stokes,  of  the  Physiognomy  and 
general  Configuration,  in  Cases  of  Vesicular  Emphysetna^ 
corresponding  with  the  Daguerreotypes  which  accompany  the 
Paper. 

The  former  paper  on  Vesicular  Emphysema  (5th  paper) 
showed  that,  in  that  disease,  and  in  a  less  marked  degree 
in  bronchitis,  the  lungs  are  permanently  enlarged,  the 
heart  is  generally  increased  in  size,  its  right  cavities  being 
dilated  and  hypertrophied.  The  diaphragm  is  remarkably 
flattened  and  lowered,  and  the  liver  and  stomach,  and  indeed 
all  the  abdominal  viscera,  are  displaced  downwards.  In  the 
present  paper,  the  aspect  of  the  patient  and  the  configuration 
of  the  chest  in  vesicular  emphysema  will  be  considered. 

The  accompanying  engravings  were  traced  from  Daguer- 
reotypes, and  accurately  drawn  by  Mr.  Linton  from  these, 
and  from  a  view  of  the  patients  themselves.  The  engraving 
of  Rawson  illustrates  the  characteristic  form  of  the  chest  in 
the  boy,  and  that  of  Shaw  in  the  adult,  in  well-marked  cases 
of  emphysema  and  bronchitis.  They  correspond  in  many 
respects  with  the  following  admirable  description,  by  Dr. 
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Stokes,  of  the  physiognomy  and  general  configuration  in 
cases  of  vesicular  emphysema  : — 

"  The  physiognomy  of  these  individuals  is  almost  character- 
istic. The  complexion  is  generally  of  a  dusky  hue,  and  the 
countenance,  though  with  an  anxious  and  melancholy  ex- 
pression, has  in  several  cases  a  degree  of  fulness  which  con- 
trasts remarkably  with  the  condition  of  the  rest  of  the  body. 
It  is  probable  that  this  results  from  hypertrophy  of  the  cel- 
lular membrane  and  respiratory  muscles  of  the  face  ;  the  first 
produced  by  repetitions  of  venous  obstructions,  and  the  second 
by  the  violent  exertion  of  the  whole  system  of  respiratory 
muscles.  The  nostrils  are  dilated,  thickened,  and  vascular. 
The  lower  lip  is  enlarged,  and  its  mucous  membrane  everted 
and  livid,  giving  a  peculiar  expression  of  anxiety,  melancholy, 
and  disease,  to  the  countenance.  The  shoulders  are  elevated 
and  brought  forward,  and  the  patient  stoops  habitually,  a 
habit  contracted  in  his  various  fits  of  orthopnoea  and  cough, 
and  the  relief  which  is  experienced  from  inclining  the  body 
forwards.  Thus  even  in  bed  we  often  find  these  patients 
sitting  up,  with  their  arms  folded,  and  resting  on  their  knees, 
and  the  head  bent  forwards,  the  object  of  which  seems  to 
be  to  relax  the  abdominal  muscles,  and  to  substitute  the 
mechanical  support  of  the  arms  for  that  of  muscles  which 
would  interfere  with  respiration.  To  such  a  degree  does  this 
habit  of  stooping  alter  the  conformation  of  the  chest,  that  I 
have  seen  several  cases  in  which  the  acromial,  interscapular, 
supra,  and  subspinous  surfaces  had  become  nearly  horizontal. 
Under  these  circumstances,  the  apices  of  the  scapulae  are 
remarkably  projected  ;  anteriorly  we  observe  the  clavicles 
arched  and  prominent,  and  the  triangular  spaces  which  answer 
to  the  insertion  of  the  sterno-mastoid  and  scaleni  muscles 
are  singularly  deep.  The  cellular  membrane  and  adipose 
tissue  of  the  neck  seem  to  be  absorbed  ;  but  the  muscles  of 
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inspiration,  and  particularly  the  sterno-mastoid  and  scaleni, 
are  hypertrophied,  and  the  thyroid  cartilage  is  generally 
prominent  and  hard,  so  as  to  feel  as  if  ossified.  When  we 
examine  the  chest,  we  discover  other  and  remarkable  changes  ; 
the  sternum  has  lost  its  flatness  or  its  relative  concavity,  but 
is  thrown  forward  and  arched  both  in  a  longitudinal  and 
transverse  direction ;  the  intercostal  spaces  are  widened,  but 
not  dilated  as  in  empyema ;  on  the  supero-anterior  portion, 
indeed,  the  chest  seems  smooth  and  convex,  but  this  is  owing 
to  the  hypertrophied  state  of  the  pectoral  muscles,  a  condi- 
tion induced  by  the  long-continued  difficulty  of  respiration. 
When  we  examine  the  side,  however,  we  find  the  intercostal 
spaces  deeply  marked,  and  presenting  no  indication  of  pro- 
trusion ;  so  that  if  we  compare  the  diseases  of  dilatation  of 
the  cell  and  empyema,  with  respect  to  the  external  conforma- 
tion of  the  chest,  we  find  that  in  the  first  the  appearance  of 
smoothness  and  dilatation  is  most  evident  superiorly,  while  in 
the  latter  the  reverse  occurs.  The  lateral  portions  of  the 
chest  are  remarkably  deep,  and  their  convexity  not  at  all 
proportioned  to  that  of  the  anterior  or  posterior  portions  of 
the  thorax.  On  applying  the  hand  to  the  inferior  sternal 
region,  we  generally  find  that  the  heart  is  pulsating  with  a 
violence  that  we  would  not  expect  from  the  examination  of 
the  pulse  at  the  wrist,  which  is  often  small  and  feeble,  while 
impulses  of  the  right  ventricle  are  given  with  great  strength." 
{Stokes  on  Diseases  of  the  Chest,  pp.  176-8.) 

2.    Varieties  ifi  the  External  Configuration  of  the  Chest, 

according  to  Age. 

In  all  cases  of  vesicular  emphysema  the  chest  is  enlarged, 
but  I  find  that  the  configuration  of  the  chest  in  such  cases 
differs  at  different  ages. 
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3.  Description  of  the  Aspect  and  External  Cojifigtcration  in 
Razuson  (see  tJie  first  engraving),  a  Boy  affected  with 
Emphysema  and  Bronchitis.  The  face  full  and  of  a 
purplish  red.  The  Chest  full,  rounded,  and  prominent 
above,  anteriorly,  and  beloiv,  posteriorly ;  the  chief  pro- 
minence of  the  Sternum  a  little  above  its  lower  end ;  the 
Loiver  Ribs  and  Cartilages  unusually  flattened  and  hollow. 

In  boyhood,  as  in  Rawson,  owing  to  the  flexibility  of  the 
costal  cartilages,  and  the  yielding  nature  of  the  sternum,  the 
conformation  of  the  chest  is  not  modified  by  emphysema  in 
the  same  manner  that  it  is  in  the  adult :  William  Rawson,  a 
boy  of  thirteen  years  of  age,  from  whom  the  first  of  the  ac- 
companying Daguerreotypes  was  taken,  and  who  has  been 
long  affected  with  bronchitis,  and  no  doubt  also  with  emphy- 
sema, is  a  type  of  the  physiognomy  and  the  configuration  of 
the  chest  in  such  cases.  While  the  lower  eyelids  are  some- 
what sunken,  and  of  a  purple  hue,  the  cheeks  and  lips  are 
very  full,  and  of  a  reddish  purple.  The  nostrils  are  dilated, 
the  lips  just  asunder. 

The  whole  of  the  upper  part  of  the  chest  above  the  fifth 
rib  is  remarkably  full,  rounded,  and  prominent — the  ribs, 
cartilages  and  sternum,  being  manifestly  raised  forwards  and 
upwards.  Although  the  shoulders  are  raised,  the  clavicles, 
instead  of  descending  obliquely  and  slightly  forwards,  as  in 
health,  project  almost  directly  forwards  from  the  scapula  to 
the  sternum.  The  sternum  is  arched  ;  it  is  prominent  at  the 
upper  end,  and  becomes  more  and  more  prominent  from 
above  downwards,  so  that  about  an  inch  above  the  xiphoid 
cartilage  it  projects  considerably.  It  there,  as  is  well  shown 
in  the  drawing,  falls  suddenly  backwards,  so  that  the  xiphoid 
cartilage  lies  in  a  hollow.    The  five  superior  ribs,  which 
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comprise  the  thoracic  set,  project  forwards  each  more  and  more 
from  above  downwards.  Immediately  below  the  projection 
of  the  fifth  ribs  and  cartilages  there  is  a  deep  depression,  and 
the  inferior  ribs,  and  their  cartilages  from  the  sixth  to  the 
tenth,  instead  of  being  prominent  and  rounded,  are  usually 


Fig.  I. — William  Rawson,  /et.  13,  affected  with  Bronchitis 

AND  Emphysema. 

The  dotted  lines  indicate  the  outlines  of  the  organs.    The  concentric  lines  the 

position  of  the  heart's  impulse, 

flattened  and  hollow,  the  cartilages  apparently  yielding  in- 
wards at  their  junction  to  the  ribs. 

The  sternum  is  so  much  more  prominent  than  the 
three  superior  ribs  and  the  clavicles,  that  the  chest  is  there 
almost  boat-shaped  ;  but  the  fourth  and  fifth  costal  cartilages, 
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especially  the  right,  are  somewhat  more  prominent  than  the 
sternum  :  indeed,  the  prominence  of  the  chest  seems  to  gather 
into  two  foci  a  little  below  and  within  the  nipples.  The 
abdomen  below  and  between  the  seventh  costal  cartilages  is 


Fig.  2.— W1LLIA.M  .Shaw,  Air.  30,  aki-ected  with  Emphysema  axl 

BRONCHrris. 

rounded  and  rather  full ;  the  space  between  those  cartilages 
below  the  sternum  is  not  increased.  The  xiphoid  cartilage 
and  the  linea  alba  just  below  it  form  a  hollow.  The  recti 
muscles  being  constantly  somewhat  tense,  depressions  are 
formed  between  and  on  each  side  of  them.     The  neck  is 
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unusually  short  and  deep  :— the  shortening  and  deepening  of 
the  neck  is  due  to  two  causes.    First,  the  elevation  upwards 
and  forwards  of  the  scapulae,  clavicles,  sternum,  and  ribs, 
especially  the  sternum  ;  the  muscles  in  the  neck  effecting 
these  movements,  the  sterno-mastoid,  scaleni,  and  trapezius, 
being  unusually  well  developed.    Second,  the  increased  cur- 
vature of  the  arch  formed  by  the  dorsal  and  cervical  ver- 
tebrae.   The  whole  dorsum  is  rounded  and  full,  but  the  chief 
fulness,  instead  of  being,  as  it  is  in  front,  at  the  upper  part, 
is  at  the  lower  part  of  the  dorsum  :  this  is  in  keeping  with 
the  position  of  the  bulk  of  the  lungs,  which  in  front  occupies 
the  upper,  and  behind  the  lower  part  of  the  chest.    The  arch 
is  shortened,  the  cervical  vertebrae  bend  forward,  and  the 
head  is  consequently  lowered  and  thrown  forward,  and  the 
neck  shortened..    The  origin  of  the  sterno-mastoid  and  the 
scaleni  are  almost  directly  over  their  insertion,  better  pur- 
chase being  thus  given  for  the  action  of  those  muscles  in 
drawing  upwards  and  forwards  the  sternum  and  the  superior 
ribs.    The  sterno-mastoid  and  scaleni,  while  they  raise  the 
sternum  and  ribs  acting  from  above,  react  from  below  to 
draw  forwards  and  downwards  the  vertebrae  and  the  head. 
The  portion  of  lung  above  the  clavicle  is  comparatively  small : 
this  is  far  from  being  due  to  diminution  of  the  apex  of  the 
lung — which  is  of  course  more  voluminous  from  the  disease — 
but  is  owing  to  the  remarkable  elevation  of  the  sternum  in 
front,  and  the  lowering  of  the  first  dorsal  vertebrae  behind. 
The  obliquity  of  the  first  ribs,  and,  indeed,  of  all  the  ribs,  is 
from  the  same  cause  materially  diminished.    The  intercostal 
spaces  below  the  fifth  ribs  are  widened,  while  those  above 
the  fourth  are  narrowed.    The  narrowing  of  the  superior  or 
intercostal  spaces  is  an  additional  reason  to  that  given  by  Dr. 
Stokes — viz.,  the  development  of  the  pectoral  muscles — for 
the  smoothness  and  roundness  of  the  upper  part  of  the  chest. 
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4.  Description  of  the  External  Configuration  in  Shaw  (see  the 
second  engraving),  a  Man  affected  with  Emphysema.  The 
Face  arid  and  dusky,  the  Features  furrowed  and  corru- 
gated; tlie  chief  prominence  of  the  Sternum  at  the  articu- 
lation of  its  first  and  second  bones  ;  the  lower  two-thirds 
of  tlie  Sternum  depressed ;  the  xiphoid  Cartilages  and  the 
Abdomen  below  it,  hollow,  between  the  seventh  Costal  Car- 
tilages, those  Cartilages  forming  an  obtuse  angle  beloiv 
the  Sternum. 

W.  Shaw,  aged  thirty,  the  subject  of  the  second  Daguer- 
reotype, is  a  characteristic  example  of  the  alteration  in  the 
form  of  the  chest  which  attends  emphysema  in  the  adult,  in 
whom  the  costal  cartilages  are  firm,  and  the  sternum  is  con- 
solidated into  two  bones. 

In  many  respects,  Shaw  presents  the  same  configuration  as 
Rawson.  The  chest  is  voluminous,  being  full  and  rounded 
above  the  fifth  rib.  The  neck  is  short:  the  shoulders  and 
clavicles  are  square  and  high  ;  the  upper  part  of  the  sternum 
and  the  superior  ribs  are  elevated  upwards  and  forwards  ; 
only  a  small  portion  of  the  apices  of  the  lungs  is  seated  above 
the  clavicles  ;  the  respiratory  muscles  of  the  neck  are  en- 
larged and  prominent ;  the  arch  made  by  the  dorsal  and 
cervical  vertebrae  is  much  curved  ;  the  head  is  lowered  and 
brought  forward  ;  the  dorsum  is  rounded  and  full,  especially 
over  the  lower  region  ;  the  superior  intercostal  spaces  are 
narrowed,  while  the  inferior  are  widened  ;  the  obliquity  of  all 
the  ribs  is  lessened  ;  and  the  whole  chest  is  deepened. 

The  physiognomy  in  Shaw  differs  materially  from  that  in 
Rawson  ;  the  skin  of  the  lower  part  of  the  face,  instead  of 
being  full,  pulpy,  and  coloured,  is  arid  and  dusky;  the  cheeks 
are  sunk,  furrowed,  and  drawn  into  lines;  the  eyelids  are 
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drawn  and  elongated ;  the  eyebrows  and  forehead  corrugated  ; 
the  nostrils  dilated  to  the  full  ;  the  lips  thick,  yet  compressed^ 
and  the  mouth  protruding;  the  eyes  are  expressive  of  a 
peculiar,  dull,  unsatisfied  anxiety.  The  features  seem  to 
clasp  the  bones  of  the  face  by  permanent  muscular  efforts. 

There  is  a  well-marked  difference  between  Rawson  and 
Shaw  in  the  form  of  the  sternum,  and  in  the  direction  and 
form  of  the  sixth  and  seventh  costal  cartilages,  where  they 
proceed  downwards  from  the  sternum  on  each  side  of  the 
xiphoid  cartilage.     In  Rawson  the  sternum  is  yielding  ;  in 
Shaw  it  is  consolidated  into  two  bones,  articulating  by  carti- 
tilage  with  each  other  at  the  junction  of  the  second  costal 
cartilages.    In  Rawson  the  sternum  is  arched  throughout,  but 
is  markedly  prominent  an  inch  above  the  xiphoid  cartilage, 
which  is  much  depressed.    In  Shaw,  the  upper  end  of  the 
sternum  is  prominent;  the  sternum  projects  considerably  at 
the  junction  of  the  first  and  second  bones,  the  former  of 
which  forms  a  projecting  inclined  plane,  while  the  latter  is 
perfectly  vertical,  or  inclines  somewhat  backwards  from  its 
upper  to  its  lower  end,  the  xiphoid  cartilage  being  con- 
siderably depressed.     In   Shaw,  as  in   Rawson,  the  five 
superior  ribs  become  gradually  more  prominent  from  above 
downwards,  the  projection  in  the  latter  being  much  greater 
than  in  the  former.    The  sternum,  which  at  its  upper  part 
is  markedly  more  prominent  than  the  first  and  second  ribs, 
forms  a  depression  below,  between  the  marked  prominences 
of  the  fourth,  and  especially  the  fifth  ribs  and  cartilages. 
The  sixth  and  seventh  costal  cartilages,  which  in  Rawson 
are  much  depressed  at  their  articulation  with  the  sternum, 
are  in  Shaw  but  little  less  prominent  than  the  fifth ;  conse- 
quently the  lower  end  of  the  sternum  and  the  xiphoid 
cartilage  form  a  marked  depression  between  those  costal 
cartilages. 
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An  important  sign  in  emphysema  in  the  adult  is  the  en- 
larged space  for  the  abdomen  between  the  seventh  costal 
cartilages,  the  angle  formed  between  those  cartilages  below 
the  sternum  being  unusually  large. 

In  those  cases  of  emphysema  in  the  adult  in  which  the 
disease  has  originated  in  early  youth,  the  form  of  the  chest 
will  retain  those  deviations  from  the  normal  configuration 
which  it  has  acquired  in  youth. 

5.  In  the  Emphysema  of  advanced  life,  the  Sternum  most 
prominent  at  the  lozver  end ;  the  Chest  at  its  tipper  part 
barrel-like;  the  dorsal  and  cervical  Spine  very  nnich 
curved,  and  the  Head  much  lowered. 

The  third  variety  in  the  form  of  the  chest  in  emphysema 
exists  in  persons  who  are  attacked  by  the  disease  in  advanced 
life,  when  the  bones  of  the  sternum  are  consolidated  into  one 
piece  ;  and,  the  cartilages  being  semi-ossified,  each  of  them 
forms  one  unyielding  piece  with  the  rib. 

The -characteristic  differences  in  such  cases  are  the  gra- 
dually-increased projection  forwards  of  the  sternum  from  its 
upper  to  its  lower  end, — the  diffused  barrel-like  roundness  of 
the  whole  chest  above  the  sixth  rib, — the  want  of  the  pro- 
minences of  the  fourth  and  fifth  costal  cartilages  to  each  side 
of  the  sternum,  that  bone  being  usually  on  a  level  with  those 
cartilages, —  the  great  space  for  the  abdomen  formed  between 
the  opposite  seventh  costal  cartilages,  which  form  with  each 
other  an  unusually  obtuse  angle  below  the  sternum, — the 
unusual  lateral  bulging  of  the  ninth  and  tenth  ribs, — and  the 
unusual  posterior  curvature  of  the  dorsal  part  of  the  spine, 
and  inclination  forward  and  lowering  of  the  head  and 
neck. 
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In  some  of  these  cases  the  front  of  the  chest  does  not  at 
first  appear  to  be  prominent,  owing  to  the  great  backward 
prominence  of  the  whole  dorsum,  and  the  forward  position 
of  the  head  and  neck.  In  these  cases  the  abdomen  is  usually- 
full,  but  it  is  commonly  hollow  just  below  the  prominent 
xiphoid  cartilage. 

I  have  met  with  one  case  of  bronchitis  and  emphysema  in 
a  man,  aged  thirty-three,  in  whom  the  sternum  projected  gra- 
dually forward  to  the  lower  end  ;  and  with  two  cases,  between 
the  ages  of  fifty  and  sixty,  in  which  the  sternum  became  less 
prominent  towards  the  lower  end. 

6.  The  Height  always  diminished  in  Emphysema. 

In  all  cases  of  emphysema  and  bronchitis  the  height  is 
diminished,  the  body  being  shortened  and  the  head  and  neck 
lowered.  Shaw,  who  stood  5  feet  and  inch  in  May  last, 
now  (October)  stands  scarcely  5  feet  and  f  inch,  so  that  he 
has  lost  more  than  a  quarter  of  an  inch  within  the  last  five 
months.  His  extreme  breathing  capacity,  which  was  90 
cubic  inches  in  May,  is  now  about  87. 

In  another  case  recently  re-examined,  the  man's  height, 
which  is  novv  5  feet  8|,  was,  thirty  years  ago,  5  feet  9J :  he  is 
now  fifty  years  of  age.  In  the  case  of  an  old  man,  now  in 
the  hospital,  the  shortening  is  much  more  considerable,  being 
I  inch> 


GENERAL  ASPECT  IN  VESICULAR  EMPHYSEMA. 


401 


7.  Partial  Emphysema. 

If  only  one  lung  is  affected  with  emphysema,  then  the  walls 
of  the  chest  will  be  morbidly  and  characteristically  prominent 
on  that  side  only  which  is  diseased.  If  a  portion  only  of  one 
or  of  each  lung  be  diseased,  then  the  thoracic  walls  will  be 
excessively  developed  only  over  the  seat  of  disease. 

MM.  Louis  and  Voilliez  have  each  given  an  elaborate 
analysis  of  the  varieties  in  the  form  of  the  chest  which  they 
have  observed  in  different  cases  of  emphysema. 

8.  Great  Diagnostic  Value  of  the  Signs  furnished  by  tlie 
Configuration  of  the  Chest  in  Emphysema  and  other 
Chest  Diseases. 

It  will  be  found  that  in  vesicular  emphysema  and  in  bron- 
chitis, as,  indeed,  in  all  other  diseases  of  the  chest,  much 
valuable  diagnostic  information  will  be  obtained  by  observing 
closely  in  what  particulars  the  symmetry  of  the  configuration 
of  the  chest  is  disturbed.  Such  information  is  not,  of  course, 
in  any  case  sufficient  of  itself  to  enable  one,  without  further 
inquiry,  to  pronounce  on  the  nature  of  the  disease ;  but  such 
information  is  almost  always  a  guide,  directing  the  attention 
to  the  nature  and  to  the  seat  of  the  disease,  and  is  always 
an  important  auxiliary  to  the  other  modes,  or  rather  steps, 
employed  in  investigating  disease  and  arriving  at  a  correct 
physical  and  rational  diagnosis. 


VOL.  I. 


1)  ]:> 


402    ON  THE  CONFIGURATION  OF  THE  CHEST,  AND  THE 


9.  Comparison  of  the  Configuration  of  the  Chest  in  EmpJiy- 
sema  with  that  in  Health  and  in  other  Chest  Diseases. 

After  having  considered  the  modification  in  the  form  cha- 
racteristic of  vesicular  emphysema,  it  will  be  well  to  give 
a  short  comparative  statement  of  the  more  important  points 
in  which  the  configuration  of  the  chest  in  health,  and  in  several 
of  the  diseases  of  the  chest,  differs  from  its  configuration  in 
emphysema. 

The  form  of  the  chest  in  health  is  distinguished  from  that 
in  emphysema  by  this— that  its  symmetry  is  not  altered  by 
any  excessive  and  partial  development.  The  upper  part  of 
the  chest,  in  form,  is  neither  raised  nor  brought  prominently 
forward  :  the  neck  is  long,  not  short ;  the  shoulders  are  slop- 
ing, not  elevated  ;  the  clavicles  are  oblique,  not  square  and 
forward,  and  elevated  at  their  sternal  end ;  the  curve  of  the 
dorsal  and  cervical  vertebrae  is  normal,  not  excessive ;  the 
dorsum  is  gently  convex,  not  rounded  and  prominent,  espe- 
cially over  its  lower  portion  ;  the  intercostal  spaces  are  wide 
above  and  narrow  below,  not  narrow  above  and  wide  below  j 
the  angle  formed  between  the  seventh  costal  cartilages,  below 
the  sternum,  to  each  side  of  the  xiphoid  cartilage,  is  a  right 
and  not  an  obtuse  angle. 

The  form  of  the  chest  in  considerable  narrowing  of  the 
larynx  or  trachea,  with  consequent  obstruction  to  respiration, 
is  distinguished  from  that  in  emphysema  by  its  being  narrow, 
flattened,  and  elongated,  instead  of  being  rounded,  prominent, 
and  deepened. 

The  form  in  phthisis  is  distinguished  by  the  walls  of  the 
chest  being  flattened,  instead  of  being  prominent,  over  the 
seat  of  the  disease. 
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The  distinction  in  emphysema  is  fully  and  clearly  stated 
above  in  the  quotation  from  Dr.  Stokes'  work. 

The  form  of  the  chest  in  extensive  heart  disease  differs 
from  that  in  emphysema  in  that  the  cartilages  and  ribs  over 
the  cardiac  region  are  much  more  prominent  than  the  corre- 
sponding cartilages  and  ribs  on  the  right  side,  instead  of  being 
nearly  equal  to  them,  as  they  often  are  in  emphysema. 

In  abdominal  distension,  the  general  configuration  is  exactly 
the  reverse  of  that  in  emphysema  :  instead  of  the  chest  being 
full  above  and  somewhat  depressed  below,  and  the  abdomen 
being  hollow  just  below  the  xiphoid  cartilage,  the  abdomen 
is  tense  throughout,  the  lower  end  of  the  sternum  and  the 
lower  portion  of  the  chest  are  full  and  prominent,  and  the 
upper  part  of  the  chest  is  flat  and  narrow. 
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